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prompt ... prolonged... 
prescribed relief of pain 


(N-acetyl-p-aminophenol, 0.3 Gm.) 
analgesic-antipyretic 


rapid, direct analgesia 


Apamide quickly relieves pain and reduces fever through direct 
analgesic-antipyretic action. It avoids the delay inherent in compounds 
that require metabolic transformation to produce analgesia. 


prolonged relief of pain 


Apamide goes to work fast. It raises the pain threshold substantially within 

30 minutes, reaches peak effect in about 2% hours and continues to be effective 
for approximately 4 hours. . 
well-tolerated analgesic 


Apamide is a pure, actwe agent that does not produce extraneous, possibly 
toxic metabolites. High dosages over long periods have not been shown to cause 
toxic reactions or gastric upsets. It is extremely vatuable in patients who 

cannot tolerate salicylates. 

R only 


Available only on your prescription, Apamide permits precise control 

of dosage and duration of treatment by you. Prescribe it for relief of pain 
and reduction of fever in respiratory infections, functional headache, 
muscular or joint pain and dysmenorrhea. Average adult dose, | tablet 
every four hours. 


(N-acetyl-p-aminophenol, 0.15 Gm. and acetyicarbromal, 0.15 Gm.) 
non-narcotic, non-barbiturate 


A promal is especially valuable in those cases where pain coexists with tension, anxiety, 
restlessness, excitement, nervousness and irritability. A promal contains Apamide 

and the widely used, gentle daytime sedative, acetyicarbromal. Enhancement of both 
analgesia and sedation is secured by this combination. Average adult dose, 

I tablet every 4 hours. 


COMPANY, INC., ELKHART, INDIANA 
43352 
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Seminars on Gastrointestinal Phystology 


Problems in Ulcerative Colitis ... . .  . THomas E. MACHELLA 


ulcerative colitis, giving consideration to both the colonic and extracolonic aspects of the disorder. 
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Therapy for Vascular Headache 
to Reverse the Physiologic Disturbance 


Headache, a problem encountered in all kinds of medical 


practice, may occur in association with any of a variety of 
disorders, some organic, others purely functional. 


In headaches of organic etiology, e. g. sinusitis, febrile 

disease, brain abscess — the primary objective is to eliminate 

the basic disease. Head pain can be relieved temporarily with 
Igesics, pending and defniti 

Functional types of headache present a greater problem, 

because of the obscure nature of their etiology and their 

recurrent nature. Among these are: 


Migraine (both classical and variant forms) 
Tension headache 
Psychogenic headache 
Hi hal gi 
Wolff and his co-workers established that the pain of these 


headaches is due to disturbance of the tonus of cranial blood 
vessels — hence the term vascular headaches. 


phases of the typical migraine attack are: 


(Drawing 1) — to which the visual 
It is possible to abort the 


Vasoconstriction 


SPEECH DISORDERS AND 
MOOD CHANGES: THESE 
LAST A Few 


USUALLY 
MINUTES TO AN HOUR. 


wey Scientif 


1. Take @ tablets at first sign of attack. 

@. If the attack continues take one additional 
tablet every half-hour until attack is ter- 
minated. 

single attack or more than 10 tablets 
any one week. 

severe than usual, take 3 or 4 tablets as’ 


2. Reduce the frequency of attacks — psychotherapy and 
regulation of living habits to avoid fatigue and nervous 
tension are most effective. 


Supplies of Instruction Sheets as shown in facsimile 
above will gladly be sent on request; reprints of recent 
reports on Vascular headaches are also available. 


Shofsta! 


S. andoz Ph 


DIVISION OF SANDOZ CHEMICAL WORKS, INC. 
68 CHARLTON STREET, NEW YORK 14, N. Y. 


Cc. Mosby 
M. See 
New Yoru. 
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A MAY LAST FOR 
MAY OCCUR DURING THIS 
STAGE. 
Therapy: For maximum success, treatment must follow 
two lines: 
RB. Relieve the acute attack — of the numerous drugs 
. which have been tried, ergotamine and its derivative prep- 
arations have proved most effective. The newest product is 
Sandoz’). When dosage is adjusted to the needs of the 
. ' individual, Cafergot will give good relief in 85% of cases. 
craniovascular 
The changes associated with the several 1, enables a greater number of patients to benefit from-early 
ee administration since the oral route simplifies treatment as 
sttack during this phase in all but a few cases. (See Many migrai patients delay taki icati the 
treatment below.) attack has reached its height. Explicit. dosage instructions 
Vasodilatation (Drawing 11) — as the vessels lose their 
tone, exaggerated pulsations set in, resulting in the 
doing pin which, headache of INSTRUCTIONS as reproduced below 
phase. (See below.) 
Vessel Edema (Drawing Ill) — if the vasodilation con- 
tinues for too long, vessel walls become edematous; this 4 
changes the character of the pain to a steady, intense 
aching. The attack can now no longer be checked, even * 
with maximum dosage of specific drugs. Moreover, sus- 
tained headache often induces reflex neck muscle tension, 
a source of residual pain. 
VESSEL STATE ACCOMPANYING SYMPTOMS 
I carly as possible. 
oe PRIMARILY VISUAL DISTURB- 5. If you notice any change in your symp- 
| fae 4 ANCES: SCOTOMAS, HEMIAN- toms, report to your physician imme- 
PHOTOPHOBIA. 
AGONIZING PERIODIC HEAD- 
ACHE USUALLY LIMITED TO 
TEMPORAL, FRONTAL OR OC- 
CIPITAL 
HEADACHE 1S THROBBING IN 
NATURE AND IS RELIEVED 
SOMEWHAT BY PRESSURE ON 
f COMMON CAROTID ARTERY. 
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Clinic on Psychosomatic Problems 


Hyperventilation in a Patient Who Stammered. Methedrine As an Adjunct to Psy- 
chotherapy . 
Clinic on Psychosomatic Problems (Massachusetts General Hospital)—This case report is of inter- 
est on several counts, particularly in relation to hyperventilation, a more common and troublesome 
manifestation of anxiety than is often appreciated. The use of D-desoxyephedrine to induce relaxa- 
tion during an interview is worth noting. 

Clinico-pathologic Conference 

Aplastic Anemia in a Patient Receiving Chloramphenicol ._. 
Clinico-pathologic Conference (Washington University School of Medicine)—The tented ih 
ject of this conference deals with the current problem of chloramphenicol toxicity but, in addition, 
there is informative discussion of the more general aspects of bone marrow depression by drugs. 
The modern treatment of chronic prostatitis is also considered at some length. 


Case Reports 

Autoimmune Hemolytic Disease and Cryoglobulinemia Associated with Chronic 
Lymphocytic Leukemia. Hematologic and Metabolic Studies 

ALBERT B. CRAIG, CHRISTINE WATERHOUSE AND LAWRENCE E. YOUNG 
This case of chronic lymphocytic leukemia was carefully studied by hematologic and metabolic 
methods over a prolonged period before and during ACTH therapy. The discussion of the 
changes noted both in immune mechanisms and in balance studies during the course of observation 
is lucid and instructive. 

Coarctation of the Aorta in Infancy. Report of Two Cases with Death from Left 
Ventricular Failure 

H. Mitton Rocers, C. RuDOLPH AND JOHN H. JR. 
Because of the availability of corrective surgical procedures, early diagnosis of coarctation of the 
aorta has assumed greater importance. The two cases reported bring out some helpful points in 

Inspiratory-Expiratory Vital Capacity Test of Pulmonary Function . ALAN LESLIE 
The author proposes a simple extension of the vital capacity test which gives information not 
afforded by the conventional technic, particularly in patients with bronchiolar narrowing or 
loss of elasticity of the lungs. 
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the therapeutic multivitamin tablet 
with Biz and no fish-oil taste 


For potency and convenience, prescribe OpTiLets 
—the smallest tablet of its kind in therapeutic dose 
vitamins. Compressed, easy-to-swallow, OptiLets 
contain therapeutic amounts of six synthetic vitamins 
plus Bj». Since there is no fish oil, there are no 
allergic reactions, no aftertaste, no “burp.” 

Because OpTILets are tablets—not capsules—they 
can’t leak, won’t stick together. Therapeutic dose is 

one or more daily. At pharmacies in bottles of 50, 100 


and 1000. Cost no more than ordinary 
therapeutic formula vitamins. Cbbott 


Optilets 


(Abbott’s Therapeutic Formula Vitamin Tablets) 


Each OPTILET tablet contains: 


—> Vitamin A (synthetic) 
25,000 U.S.P. units 


Vitamin D (Viosterol) 1000 U.S.P. units 


Thiamine Mononitrate ....... 10 mg. 
5 mg. 
Nicotinamide ............. 150 mg. 

—>Vitamin Biz (as vitomin Actual Size 
Biz concentrate) .......... 6 mcg. 
150 mg 
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IN = WwW Pfizer Sterayect Syringe 


holds 2 cartridge sizes 


Steraject Penicillin G 
Procaine Crystalline 

in Aqueous Suspension 
(300,000 units) 


Steraject Pencillin G 
Procaine Crystalline 

in Aqueous Suspension 
(1,000,000 units) 


Steraject Combiotic* 
Aqueous Suspension 
(400,000 units Penicillin G 
Procaine Crystalline, 

0.5 Gm. Dihydrostreptomycin) 


for only 1 syringe! 


two cartridge sizes permit full 
standard antibiotic dosage 


cartridges individually labeled 
ready for immediate use 


no reconstitution 


Steraject Dihydrostreptomycin 
Sulfate Solution (1 gram) 


Steraject Streptomycin 
Sulfate Solution (1 gram) 


for full details, ask your Pfizer 


Professional Service R tative 
Steraject Cartridges: 


each one supplied with 
sterile needle, foil-wrapped introduced by world’s largest producer of antibiotics 


*TRADEMARK, CHAS. PFIZER &CO., INC. ANTIBIOTIC DIVISION CHAS, PFIZER CO... INC. * BROOKLYN 6, N.Y. 
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rapid response 


“The latent period between the initiation 


new of therapy and the appearance of appreciable 
benefit was short.” 
non-bormonal 
BUTAZOLIDIN 


synthetic (brand of phenylbutazone) 


orally effective for relief of 


and allied disorders 


BUTAZOLIDIN brings quick relief and, often, functional improvement, 
to the majority of patients with rheumatoid arthritis, 
osteoarthritis, spondylitis, gout, arthritis with psoriasis, 
peritendinitis, fibrositis, and other painful 
musculoskeletal disorders.!- 

BUTAZOLIDIN ©® Broad Therapeutic Spectrum 
© Potent Therapeutic Effect 
© Prompt Action 
© Low Ratio of Serious Side Effects 
© Oral Effectiveness 


BUTAZOLIDIN §__ is well within the means of the average patient. 


In order to obtain optimal results and to avoid untoward 
reaction it is highly desirable for the physician to become 
thoroughly acquainted with the characteristics of 
ButTazouipin before prescribing it. Physicians are 

to read the package circular carefully or to write for the 
BuTAZOLIDIN brochure, which will gladly be sent on request. 


Availability: Butazo.ipin® (brand of phenylbutazone) is 
issued in yellow-coated tablets of 200 mg. and in red-coated 
tablets of 100 mg. 


1. Steinbrocker, O.; Berkowitz, S.; Ehrlich, M.; Elkind, M., and Carp; S.: 
Paper read before the Annual Meeting of the American Rheumatism 
Chicago, I11., June 6, 1952. 

2. Kuzell, W. C.; Schaffarzick, R. W.; Brown, B., and Mankle, E. A.: 
J.A.M.A. 149:729 (June 21) 1952. 

3. Smith, C. H., and Kunz, H. G.: J. M. Soc. New Jersey 49 :306, 1952. 


GEIGY PHARMACEUTICALS, Division of Geigy Company, Inc. 
220 Church Street, New York 13, N. Y. 
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ROUTINE THERAPY FOR INTERNAL HEMORRHOIDS 


For the vast majority of cases of internal which this product enjoys, furnishes 
hemorrhoids requiring conservative definite evidence of its value in this 
treatment, the employment of RECTAL condition—particularly so when prompt 
MEDICONE appears clearly indicated. | symptomatic relief is vital for the com- 
The enormous prescription demand _fort and well-being of the patient. 


RECTAL M E DIC ON 


MEBDICONE COMPANY * 225 VARICK STREET* NEW YORK 14, N.Y. 
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leeylate Dosage 


Wlasswe Sa 


Last 


Salcedrox is highly useful whenever salicylates are indicated 
_—in arthritis, rheumatoid involvements, neuromuscular 
pains and rheumatic fever. 


te aione— es 

set, even with massive Calcium soe 

helps counteract the i ascorbic acid excre- 

tion usually encountered in rheumatic states and 

in salicylate therapy. 

er LITERATURE AVAILABLE ON RE- 


Each Salcedroz tablet contains: = 
Sodium Salicylate .5 gr. (0.3 Cm.) Wr 
Gel, dried... .2 gr. (0.12 Gm.) 
Calcium Ascerbete , gr. (60 mg.) Lf 
(equivalent to 50 
mg. secorbic acid) 
Calcium Carbonate, .1 gr. (60 mg.) 
| y 
d fy 


NEURITIS 
WITH 


PROTAMIDE 


(SHERMAN) 


84 patients of 104 had complete relief of pain 
in sciatic, intercostal and facial neuritis with 
one daily injection of Protamide for five or 
ten days. 


Smith reports ‘““—49 were discharged as cured 
after five days of therapy.” 
No intolerance to Protamide, systemic or local 


was found in the 125 patients (104 plus 21 
controls). 


Two qualifications for practical application 
of this study are: 


] The elimination of cases due to mechanical 


pressure. 
2 Early treatment after onset. 


*Smith, Richard T: Treatment of 
Neuritis with Protamide. New 
York Medicine { Aug. 20} 1952. 


Acard marked Neuritis will 
bring reprint and literature 
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IW PERSISTENT WALIGHANT HYPERTENSION 


Here Is Immediate Relief 


of the Overwhelming Symptoms 
SOLUTION INTRAVENOUS 


For the patient with markedly elevated systolic and 
diastolic blood pressures exhibiting such distressing 
symptoms as headache, disorientation, blurred vision 
and muscle twitching, here is a rapid, dependable means 


Literature describing dosage and 
cdministrotion of Solution intro. Providing relief. 


of the eng slowly by vein, Solution Intravenous Veriloid 
should be carefully read before is capable of dropping both the systolic and diastolic 
a aenenameernnene pressures by as much as 30 per cent within a matter of 
ain" ‘* minutes. This drop in tension is constantly under the 

control of the clinician, both in extent and duration of 
action. Coincidentally with the reduction in arterial 
pressure, profound subjective improvement is noted. 
After this improved circulatory state is maintained by 
Solution Intravenous Veriloid for a prolonged period, 
the blood pressure can be controlled subsequently by 
the administration of suitable oral medication. 


Solution Intravenous Veriloid, generically designated 
alkavervir, is a purified ester alkaloidal fraction of 
Veratrum viride, biologically standardized for hypoten- 
sive potency in dogs. It has produced outstanding 
results in malignant hypertension, hypertensive crises 
(encephalopathy), and hypertensive states accompany- 
ing cerebral vascular disease. 


RIKER LABORATORIES, INC. 


8480 Beverly Boulevard e Los Angeles 48, California 
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KEEPING PACE WITH TOMORROW 


We are proud 
of our more than seventy years in the field of ethi- 
cal pharmaceutical manufacturing — proud that 


they represent a time-tested reputation for phar- 
maceuticals of proven therapeutic 

value. Weare younginthe A. H.ROBINS COMPANY, INC. 
strength of our determination to RICHMOND 20, VIRGINIA 


Ethical Pharmaceuticals of Merit since 1878 
preserve that reputation and to 


keep pace—through research and the development 
of new and better products — with the needs of 
men of medicine who keep pace with tomorrow. 
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CASES 


PENICILLIN 


WHY? 


ONLY 


(only */ of 1% in contrast to 5% for ordinary penicillin) 


@ Clinicians the world over have noted, not only the effectiveness, but 
also the rarity and mildness of reactions to BICILLIN—the new penicillin 


compound. 

Thus, in 1348 cases, injected with single doses of from 300,000 to 
2,500,000 units BICILLIN, only 0.3% developed penicillin reactions— 
pruritic dermatitis medicamentosa. In these few cases, this did not appear 
until 10 days after injection, and it cleared after 2 days in spite of 
persisting deposit of BICILLIN in the tissues. 

Remember that the average rate of reactions to ordinary penicillin is 


approximately 5%. 


INJECTION 


DIBENZYLETHYLENEDIAMINE DIPENICILLIN G 


penicillin blood levels for 2 weeks with single injection, 
600,000 units 


* Trademark 
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REACTIONS 
BENZETHACIL 
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uestion: 
WHAT MAKES 


Bi h 


SUPERIOR ? 


nswer: 


THE EXCLUSIVE 
133 L/D RATIO! 


"IN CURBING APPETITE and caus- 
ing weight loss, a combination of Monobasic 
amphetamine phosphate containing a ratio of 1:3 
of levo to dextro amphetamine (as found exclusively 
in Biphetacel) is more effective than the same 
amount of amphetamine contained in the racemic 
form where the ratio is 1:1 I/d..."* 

Because of its exclusive 1:3 |/d ratio, Biphetacel 
curbs appetite more effectively, without nausea or 
nervousness, in both vagotonic or “sluggish” and 
sympathicotonic or “high strung” patients. In 
addition, it preserves an “‘enough-to-eat” feeling 
by decreasing gastric motility and prolonging 
emptying time of stomach, and assures normal 
elimination by supplying evenly distributed, non- 
nutritive, “‘no clump” bulk. Small dosage means 
low treatment cost. 


Each Biphetacel tablet contains the preferred 13 
\/d ratio as provided by Racemic Amphetamine 


“Freed, $. C. end Mizel, M.—in prees 


Phosphate Monobasic 5 mg. and Dextro Ampheta- 
mine Phosphate Monobasic 5 mg.; Metropine® 
(methyl atropine nitrate, Strasenburgh) 1 mg., 
Sodium Carboxymethyicellulose 200 mg. 

Dosage: 1 tablet Y hour before meals, three times 
daily, for the vagotonic type. Increase this dose, if 
necessary, to achieve the desired clinical results. 
Ys tablet % hour before meals, three times daily, 
for one week for the sympathicotonic type. If no 
signs of intolerance develop, increase to 1 tablet. 
Supplied in bottles of 100 and 1000 scored tablets. 


For literature and supply for initiating treatment, 
write Medical Service Department, R. J. Strasen- 
burgh Co., Rochester 14, N. Y. 


PATIENTS RETAIN THEIR 
ZEST FOR FOOD... BUT THEY 


Less and Like it!’’ 
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A NEW REPOSITORY ACTHAR 


Administered As Easy As Insulin: 
HP*ACTHAR Gel can be injected subcutane- — 
ously as well as intramuscularly with a 
minimum of discomfort. 


Fewer Injections: One to two doses per 
week may suffice in many cases (see pack- 
age insert for complete dosage schedule or 
write for full information). 


Rapid Response, Prolonged Effect: 
HP*ACTHAR Gei combines the two-fold ad- 
vantage of sustained action over prolonged 
periods of time with the quick response of 
lyophilized ACTHAR. 


To greatly expand 
the usefulness 
of ACTH 


in your practice 


Mach Lower Cost: Recent significant re- 
duction in price, together with the reduced 
frequency of injections, have advanced the 
economy of ACTH treatment so markedly 
that it is now within everybody's reach. 


*Highly Purified. ACTHAR® is the Armour Labor- 
atories Brand of Adrenocorticotropic Hormone — 
ACTH (Corticotropin) 


THE ARMOUR LABORATORIES 


CHICAGO 11, ILLINOIS 
world-wide 


PHYSIOLOGIC THERAPEUTICS THROUGH BIORESEARCH 


> 
~ 


THE DIURETIC TABLETS THAT WORK Oy % 


LIKE AN INJECT 


lifetime therapy — 

NEOHYDRIN helps keep the cardiac patient in 
fluid and electrolyte balance for his lifetime 
—a lifetime that might be impossible with- 
out such control of water and salt metabolism. 


day in, day out diuresis — 

NEOHYDRIN daily, maintains a steady, unin- 
terrupted diuresis. This allows more liberal 
salt intake which benefits the patient psycho- 
logically. Even more important, liberalized 
salt intake permits the daily physiologic in- 
take and output of sodium required by the 
body and safeguards against salt depletion. 


prescribe NEOHYDRIN when indicated in 


how to use this new drug 

Maintenance of the edema-free state has been accom- 
plished with as little as one NEOHYDRIN Tablet a day. 
Often this dosage of NEOHYDRIN will obtain per week 
an effect comparable to a weekly injection of MERCU- 
HYDRIN.® When more intensive therapy is required one 
tablet or more three times daily may be prescribed as 
determined by the physician. 

Gradual attainment of the ultimate maintenance dosage 
is recommended to preclude gastrointestinal upset which 
may occur in occasional patients with immediate high 
dosage. Though sustained, the onset of NEOHYDRIN 
diuresis is gradual. Injections of MERCUHYDRIN will be 
initially necessary in acute severe decompensation. 
Contraindicated in acute nephritis and nephrosclerosis. 
Any patient receiving a diuretic should ingest daily a 
glass of orange juice or other supplementary source of 
potassium. 


congestive heart failure « recurring edema and ascites, cardiac asthma, hypertensive heart disease 
dyspnea of cardiac origin « arteriosclerotic heart disease . fluid retention masked by obesity , and, 


for patients averse to their low-salt diet. 


pac ing Bottles of 50 tablets. There are 18.3 mg. 


2-methoxy-propylurea in each tablet. 


tn diuretic research 


20 
a 
2» 
a 
6 
8 
4 
i 
7 
4 
4 
b 
4 
a 
4 
i 
4 
6 
4 
4 
LABORATORIES, INC., MILWAUKEE WISCONSIN 
a 


Depo 

Depo 

Depo 

Depo 
Upjohn 


22 


all are amenable to treatment with... 


24di(phydroxyphenyl) Scthyl hexane CLINICALLY EFFECTIVE: Prolonged beneficial effects are obtain- 


able with BENZESTROL. BENZESTROL is effective orally, whereas 
natural estrogens lose a large proportion of activity when adminis- 
tered by mouth. 
CLINICALLY ECONOMICAL: Therapeutically comparable doses 
of BENZESTROL are much less expensive than natural estrogens, 


NON-TOXIC: Clinical studies have proved that BENZESTROL 
when administered in therapeutically effective doses, is singularly 
free from undesirable, toxic, side reactions’*. . . as exhibited with 
some other synthetics. 


AVERAGE DOSE: Menopause — 2 to 3 mg. daily, orally; or % to 1 
ec. parenterally, every 3 to 5 days. 

Contra] ef Breast engorgement—S mg. orally, 3 or 4 times for 5 to 6 days. 
Generous 2 mg. oral professional samples and complete literature oa 
sequest. 


supplied 


1, HeBerd, A.R.: J.A.M.A. 123299 
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INDICATIONS 


Infected wounds resulting 
from trewuma or surgery 


infected burns 


SECONDARY 
INFECTIONS 


superimposed on 
eny dermatological 
condition 


AVAILABLE IN 
tubes of 15 Gm. 
with applicater tip 
tubes of '/, oz. 
with ophthalmic tip 


complete information 
will be sent on request! 


infected skin gra 
abscesses end vicers in 
eccessible location 
furencies 
pyoderma 
ecthyma 
folliculitis 
infectious eczematoid 
dermatitis 
impetige 
AN 
GN acne 
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styes 
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Z external eer infections 
Z BROAD SPECTRUM 
. IN eye infections such as: 
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conjunctivitis 
blepharoconjunctivitis 
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keratitis 
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DIETARY 


SUPPLEMENTATION 


tS NEEDED... 


what more 


If the concept of an ideal dietary supplement could be 
formulated, it might well be one that provides qualitatively 
every substance of moment in human nutrition. It would pro- 
vide those for which human daily needs are established as 
well as others which are considered of value, though their 
roles and quantitative requirements remain unknown. 

How Ovaltine in milk approaches this concept, and how 
well the recommended three glassfuls daily augment the nutri- 
tional intake, is shown in the appended table. The two forms 
of Ovaltine available—plain and chocolate flavored—are 
closely alike in their nutrient values. 


THE WANDER COMPANY, 360 N. MICHIGAN AVE., CHICAGO 1, ILL. 


provide 


Three Servings of Ovaltine in Milk Recommended for 
Daily Use Provide the Following Amounts of Nutrients 
(Each serving made of % oz. of Ovaltine and 8 fl. oz. of whole milk) 
MINERALS 
be 12 mg. 
940 mg. 
560 mg. 
*PROTEIN ( complete) 
*Nutrients for which daily dietary allowances are recommended by the National Research Council. 


a 
A 

37 mg. | 
mg. 
mg. 
mg. 
7 mg. 
0 mg. 
6 mg. 
0 mg. 
2 mg. 
0 1.U. 
mg. 
ya! 1.U 


oral penicillin t.i.d. 


Just 1 or 2 Pentids Tablets t.i.d. are particularly effective . . . 
less than % the cost of the newer antibiotics. 


Bottles of 12 and 100. 


Squibb 200,000 Unit Penicillin Tablets 


1S A TRADEMARK OF R. SONG SQUIBB 


terial infectious d 
on bac 
re comm 
. for the 
Pentids 
ient t.id. dosage 
for convenient 
formulated 


Extensive clinical use has demonstrated 
Methium’s ability to 


1. reduce blood pressure to more normal 
levels 


2. relieve hypertensive symptoms 


3. provide symptomatic relief in some cases 
even where pressure cannot be lowered. 


An autonomic ganglionic blocking agent, 
Methium (bexamethonium chloride) inhib- 
its nerve impulses that produce vasoconstric- 
tion—thereby causing blood pressure to fall. 


ganglionic block in hypertension 


to reduce blood pressure and relieve symptoms —a new, potent oral hypotensive 


ache, dizziness, palpitation and fatigue. In 
other cases, where blood pressure does not 
respond to therapy, symptomatic improve- 
ment may nonetheless be noted. 


Methium is a potent drug and should be used 
with great caution when complications exist 
—impaired renal function, coronary artery 

disease and existing or threatened cerebral 
vascular accidents. Complete instructions for 
prescribing Methium are available on writ- 
ten request or from your Chilcott detail man 
and should be consulted before using the drug. 


Meshinm is 5 in both 125 mg. and 250 
mg. scored iw botsles of 100 and 500. 


¢ HI MORRIS PLAINS. NEW JERSEY 
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pressure is accompanied by relief of head- 
(BRAND OF CHLORIDE) 
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Which 


WOULD YOUR 


PATIENT PREFER? 


Many patients who take oral diuretics rebel at 
the number of tablets which they are forced 
to take daily (the average oral dose of am- 
monium chloride is 4 to 8 Gm. daily). In order 
to facilitate taking of sufficient ammonium 
chloride for effective diuresis, we have enteric 
coated a | Gm. tablet of this substance. 


AMCHLOR 


IMPROVED AMMONIUM CHLORIDE 


Recent clinical papers have shown that suffi- 
cient dosage of ammonium chloride, besides 
being an effective diuretic, is of value in 
Meniere's disease, premenstrual tension, and 
aids to eliminate nausea occurring in stil- 
bestrol therapy. The next time you prescribe 
an oral diuretic, prescribe AMCHLOR. ... 


ONE GRAM TABLET— 
ENTERIC COATED 


_ For samples just send your Rx blank marked 13AMI2 


BREWER & COMPANY, INC. WORCESTER 8. MASSACHUSETTS U S.A. 
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ONE KILLS FASTER 


invasi 
Zephiran chloride—a bactericidal 
agent — kills hemolytic streptococcus, 
staphylococcus, Escherichia coli as 
well as many other pathogens com- 
pletely within seconds or a few 
minutes in vitro. A refined anti- 
septic, pharmacologic tests for 
tissue tolerance are made on 
each lot of Zephiran chlonde. 
Supplied as: 


Aqueous Solution 1:1000, bottles 
of 8 oz. and 1.U. S$. gallon. 


Tincture 1: 1000, tinted and stain- 
less, bottles of 8 oz. and | U. S. 


gallon. 
Concentrated Aqueous Solu- 


CHLORIDE 


New York 18, N. Y. * Windsor, Ont. 


iY 
® 
Ons 
/ 
tion 12.8%, bottles of 4 oz. 
and 1 U. S. gallon (1 oz.=1 
U. S. gallon 1:1000 solu- 
tion). Must be diluted. 
for antisepsis with finesse... 
| & Canada, brand of benzal- 
konium chloride refined 


suspension 
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DON'T MISS APPEARING REGULARLY IN THE J. A. M. A. 


FOR 


YOUR COLLEAGUE OR DOCTOR FRIEND 


doctor will take pride in having in 
~ his library—beautifully printed and illus- 
trated—a publication that will provide” 
both pleasure and inspiration. 


An up-to-date medical journal any | 


The American Journal of Medicine 
49 West 45th St. New York 36 


Yearly Subscription $12.00 U.S.A. 
Canada and Pan-American Union $13.00 Foreign $15.00 
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Prejudice-Free Study Points the Wa ay 
to Greater Comfort 
for the Menopausal Patient 


Three groups of investigators were supplied with preparations 

labeled only by number. Although identical in appearance, 

the tablets had the following compositions: 
AE-1—Diethylstilbestrol, 0.25 mg. 
AE-2—Diethylstilbestrol, 0.25 mg.. plus 

methyltestosterone, 5 mg. 

AE-3—Methyltestosterone, 5 mg. 


tors were told which was the placebo, but identities ‘ 
rst three were not disclosed until the studies and re- 


rts had been completed. Thus, there could be no possible 

Re ere ias on the part of either physician or patient. BITRE. 
Clinicians found that the addition of androgen to estrogen 
(1) often affords an increased feeling of well-being, (2) tends 
. ek ers to avert mild but unpleasant side-effects such as breast tur- 

| gidity and pelvic congestion, and (3) usually prevents the 
| complication of uterine bleeding. Preference for AE.2 (‘Tylos- 
terone’) was expressed by two-thirds of the patients. 
Full details of these studies are available. May we send you 
literature or samples? 


Eli Lilly and Company + Indianapolis 6, Indiana, U.S. A. ie eee = 


TABLETS 
(DIETHYLSTILBESTROL AND METHYLTESTOSTERONE, LILLY) 
» 


‘ 
* 3 P 
‘ 
gg” 
BS 
; % 
| 
be @ 
. 
Helps avert side-effects of 


The American Journal of Medicine 


Vol. XIII 


DECEMBER, 


1952 No. 6 


Editorial 


The Basis for Dietary Treatment in the 
Prevention and.Control of Atherosclerosis 


AN is unique among mammals in his 
predisposition to atherosclerosis. In 
this country and in western Europe 

the disease is so prevalent that half of the popu- 
lation may be significantly affected before 
attaining the age of fifty.’ It is now the leading 
cause of death and is responsible for untold 
physical and mental disability. Recital of its 
consequences in the press and in the literature 
of insurance companies and other organizations 
has excited among the laity a fear not unlike 
that formerly reserved for cancer, and also a 
demand that physicians apply immediately the 
results of investigation in its prevention and con- 
trol. Expediency, if no other consideration, 
demands application of what is known but with 
avoidance of measures which are scientifically 
unsound or unnecessarily frustrating and 
restrictive. 

Prominent among the suggestions concerning 
the nature and control of atherosclerosis is the 
proposal that the condition arises because of an 
ill chosen or excessive intake of lipids in the 
food and that its development and _ conse- 
quences can be delayed or escaped by selection 
or adjustment of the intake of cholesterol or fat. 
The idea derives some indirect support from 
laboratory investigations which have shown that 
atheromatous patches have a lipid composition 
initially quite like that of the plasma, that their 
formation is accelerated in clinical conditions 
which are characterized by hypercholesterol- 
_ emia and that the ingestion of very large amounts 
of cholesterol by animals not naturally afflicted 
with the disease produces in normal intact 
arteries lipid deposits not unlike those seen in 
human atherosclerosis. More detailed studies 
of actual cases of advanced human athero- 


1 Wiens, S. L. Bearing of general nutritional state on 
atherosclerosis. Arch. Int. Med., 79: 129, 1947. 


sclerosis have disclosed deviations from normal 
standards in cholesterol concentration, choles- 
terol-phospholipid ratios and the distribution 
of lipoproteins, but have failed to reveal any 
constant or invariable chemical characteristic 
of the condition. Taken as a whole, however, 
the experimental observations leave little doubt 
that there is in man some defect in lipid metab- 
olism which contributes to the abnormal de- 
posit in blood vessels. Nevertheless, it must be 
admitted that nothing in the basic studies has 
directly incriminated the dietary and that 
trials of various modifications of lipid intake for 
the present are to be regarded as entirely 
empiric. 

Their scientific evaluation offers peculiar 
difficulties. The high incidence of athero- 
sclerosis, its chronicity and highly variable 
course and the absence of any adequate clinical 
criteria for estimating its extent and anatomic 
distribution are some of the factors which 
render the establishment of adequate controls 
almost impossible. Furthermore, the objectives 
of the treatment are various. Ideally the diet 
should limit or prevent the deposit of lipids in 
the arterial walls or, even more hopefully, 
should reverse the process and cause disappear- 
ance of lesions already formed. The plaques, 
however, represent only one of the serious aspects 
of the condition. While their presence may 
grossly limit the caliber of vessels to the extent 
of precarious circulation of important organs, 
they do not in themselves constitute the most 
frequent cause of death or disabling illness. Of 
great importance is the control of hypertension 
which not only accelerates the rate of deposit 
of lipid but also favors the rupture of vessels 
weakened by atheromatous patches. Most de- 
sirable of all therapeutic aims is the inhibition 
or prevention of clotting which is probably 
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for quest of the 
serious complications. 

Criteria for estimation of the degen to which 
all or any of these results can be achieved by 
treatment are so primitive and faulty that final 
conclusions concerning the benefits of diet 
must depend upon statistical analyses or the 
development of more precise tests. In the mean- 
time scrutiny of what is already known may be 
useful in determining the justification and direc- 
tion of further dietary trials. 

Two types of diet are now in frequent use. 
One attempts avoidance of cholesterol with or 
without strict limitation of fat intake. The other 
emphasizes a goal of limited fat ingestion with 
avoidance of surfeit and obesity, but without 
great emphasis upon the amount of cholesterol 
in the food. 

Cholesterol-free diets can be given with ade- 
quate or even high caloric intake, since simple 
carbohydrates and vegetable fats contain no 
cholesterol. However, because they require com- 
plete abstinence from eggs, milk and many 
other food staples, they are unpalatable and 
extremely difficult to maintain. To the patient 
they represent hardship, which can be tolerated 
over long periods only by the promise or demon- 
stration of outstanding practical advantages. 

Some careful observations have been made on 
the effects of varying the amount of cholesterol 
in the diet. It is known, for instance, that com- 
plete avoidance of cholesterol does not materially 
change the concentration of cholesterol in the 
serum. Furthermore, single ingestion of very 
large amounts of cholesterol exerts surprisingly 
little influence upon serum cholesterol levels. 
When, however, a diet containing no choles- 
terol is combined with a very low fat intake, 
the level of serum cholesterol is significantly re- 
duced.? Gofman’s observations have indicated 
also that a diet with similar although less 
extreme restrictions may lower the level of the 
Sr10-20 bodies to which he attributes im- 
_ portance in the pathogenesis of atherosclerosis.’ 
_ It is significant, however, that when vegetable 

fat but no cholesterol is added to such diets, 
the cholesterol concentration in the blood re- 
turns promptly to predietary levels.‘ 

*Keyes, A. The relation in man between cholesterol 
levels in the diet and in the blood. Science, 112: 79, 1950. 

* Jones, H. B., Gorman, J. W., Lawwcren, F. T., 
Lyon, T. P., Granam, D. M., Strrisower, B. and 
Nicuots, A. V. Lipoproteins in atherosclerosis. Am. J. 


Med., 11: 358, 1941. 
‘Hitpretn, E. A., Mevun«xorr, S. M., BLair, G. W. 
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At present it is upon such observations as 
these that the scientific basis for a cholesterol- 
free diet must rest. Obviously they do not prove 
the efficacy of restricting cholesterol alone. 
They provide no data to indicate that the 
avoidance influences the development of athero- 
sclerosis, that it lowers hypertension or that it 
inhibits the tendency to intraluminal clotting. 
This conclusion, while disappointing to those 
who have placed their hopes on the therapeutic 
use of a cholesterol-free diet, is not unexpected 
by others who have investigated more com- 
pletely the details of cholesterol metabolism. 
Studies with isotopes have shown that cholesterol 
may be synthesized by cells of many organs and 
tissues in daily amounts greatly in excess of 
those ingested in any customary diet and more 
than sufficient to maintain usual cholesterol 
concentrations in the serum even when no 
cholesterol is ingested.® 

While the experiments have thus far failed to 
establish proof of benefit from a diet whose only 
merit is complete exclusion of cholesterol, they 
have strongly indicated that restriction of fats 
might be helpful. Judgment concerning the 
efficacy of low calory, and hence low fat, diets 
must at the moment depend less upon controlled 
experiments and chemical evidence than upon 
clinical and statistical data. 

Physicians through many generations have 
held persistently to the idea that gluttons have a 
relatively high morbidity and mortality from 
vascular disease. Greater average longevity and 
relative freedom from vascular accidents have 
been repeatedly claimed for the spare and the 
frugal. In recent years these long prevalent 
impressions have received abundant confirma- 
tion from the careful statistical analysis of insur- 
ance risks which have shown that the presence 
of obesity tends not only to shorten life but also 
predisposes to hypertension and relatively early 
death from cardiac disorders. The statistics of 
Wilens on the autopsy service at Bellevue 
Hospital’ indicate that atheromatous plaques 
are more abundant and advanced in those who 
are overweight. Still more recent information 
indicates that overnutrition may have an influ- 


and Hitpretn, D. M. The effect of vegetable fat inges- 
tion on human serum cholesterol concentration. Circu- 
lation, 3: 641, 1951. 
G., Campsett, D. J., Tayzor, C. B., 
poor ba B., Jn., WARNER, I. and Davn, C. B. Origin 
cholesterol using carbon'‘: Fed. Proc., 10: 
1951. 
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ence upon the occurrence of intraluminal 


Dedichen® has reviewed the mortality sta- 
tistics from circulatory disease in Oslo for the 
years 1940 to 1945, a time when dietary re- 
strictions were rigidly enforced, and has com- 
pared them with those before and after the 
period of diminished food intake. He noted a 
sharp reduction in mortality which began 
within a few weeks of the institution of depri- 
vation, reached its lowest point in about three 
years, and continued with little change until a 
normal dietary had been restored. Within a 
short time following the removal of restrictions 
the death rate rose again to its pre-deprivation 
level. Possibly even more impressive was the 
observation of a similar decline in the incidence 
of thromboembolic phenomena following sur- 
gery. While the change in death rate from 


* DepicHeN, J., Strom, A., ADELSTEN, JENSEN, R. and 
Cross, K. Incidence of Atherosclerotic Disease during 
War Years, p. 117. Transactions of the Fifth Josiah 
Macy, Jr. Foundation Conference on Factors Regula- 
ting Blood Pressure. New York, 1951. Corlies Macy & 
Co. 
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circulatory disease might conceivably be ex- 
plained by an effect upon the atheroma of 
vessels, the incidence of thrombosis of veins 
could not be so attributed. The most obvious 
inference to be drawn from the Norwegian 
statistics is that a low calory, low fat diet may 
diminish the tendency to thrombosis, and that 
surfeit may increase it. 

Thus present information, although incom- 
plete and in large part inferential, indicates that 
overnutrition shortens life, predisposes to hyper- 
tension, increases the extent of atheromatous 
plaque formation, and possibly increases the 
tendency to intraluminal thrombosis. It would 
appear therefore that during the period while 
further scientific analyses of diet are being at- 
tempted, a low fat, low calory diet may be 
advised with the expectation of partial protec- 
tion against the rapid development and the 
complications of atherosclerosis. Since Man is an 
atherosclerotic animal and since the disease 
probably affects to some degree most individuals 
in middle and later life, the advice should not 
be limited to the obese or to those who have 
suffered obvious complications of atherosclerosis. 
Daviw P. Barr, M.D. 
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Clinical Studies 


Quantitative Studies of Ascitic Fluid 
Circulation with Tritium-labeled Water’ 


THEODORE C. PRENTICE, M.D., WILLIAM S1RI and ETHEL E. JOINER 
Berkeley, California 


the introduction and utilization of 

‘tracer methodology in recent years 

has come an increasing realization 

of the dynamic status of most body constituents. 

The present investigation extends this concept 

to the problem of ascites formation and intro- 

duces a method for measuring the volume of 

ascitic fluid and quantitating the inflow and 

exit of water from the peritoneal cavity per 
unit time. 

Most of the current literature concerning the 
problem of ascites formation centers about the 
concept that ascitic fluid is a more or less static 
reservoir of fluid.!:? The fluid has been regarded 
as accumulating and being trapped in the peri- 
toneal cavity due to a combination of factors. 
These include the opposing forces, as originally 
proposed by Starling,* of (1) increased portal 
venous pressure minus ascitic hydrostatic pres- 
sure, or net hydrostatic pressure acting to in- 
crease the ascitic fluid volume and (2) plasma 
colloid-osmotic pressure minus ascitic colloid- 
osmotic pressure, or net colloid-osmotic pressure 
acting to reabsorb ascitic fluid into the vascular 
system. Typically, factor (1) is increased due to 
portal hypertension and (2) is decreased because 
of hypoalbuminemia and increased protein 
content of ascitic fluid. 

More recent developments have been the 
demonstration of (3) marked renal retention of 
sodium‘ and (4) increased amounts of circulat- 
ing antidiuretic hormone in patients with portal 
cirrhosis. Changes in permeability of portal 
capillary membranes have been postulated but 
not proven.’ The interrelationship of these 
factors and their exact association with ascites 
formation remains unexplained. 

This study demonstrates that ascitic fluid is 
by no means a trapped or segregated reservoir 


of fluid. Rather, it is a continuously circulating 
pool, 40 to 80 per cent of which enters or leaves 
the peritoneal cavity each hour. An attempt is 
also made to clarify further the interrelationship 
of the mechanisms which are responsible for 
ascites formation. 


MATERIALS AND METHODS 


Six patients with ascites were studied. Four 
had classical Laennec’s cirrhosis and two were 
diagnosed as metastatic peritoneal carcinomato- 
sis. Data concerning each patient are sum- 
marized in Table 1. 

Each patient was given 2 mc. of tritium- 
labeled water either intravenously or into the 
ascitic fluid. Serial samples of ascitic fluid during 
a period of seven to twenty-four hours immedi- 
ately following injection were obtained using 
the following method: A site in the midline of 
the abdomen, midway between the symphysis 
and umbilicus, was selected. After the usual 
sterilization procedures were completed a No. 13 
needle with a fitted trocar was inserted into the 
peritoneal cavity at this site, the trocar with- 
drawn and No. 18 polyethylene tubing threaded 
through the needle. The needle was then re- 
moved leaving the tubing in place. This tubing 
could be clamped with an ordinary small 
hemostat, which was taped to the abdominal 
wall, and samples obtained by simply opening 
the hemostat. Successive blood samples were 
taken by the routine venipuncture technic. 
were heparinized, centrifuged and the plasma 
separated and stored in the refrigerator. Analy- 
sis for tritium content of ascites and plasma was 
carried out using methods developed in this 
laboratory.*:* The patients’ red blood cells were 
labeled with P*? by the method of Hevesy and 
Zerahn'® as modified in this laboratory.'!:!2 


* From the Section on Experimental Medicine, Donner Laboratory, University of California, Berkeley, and 
-Alameda County Hospital, Oakland, Calif. This work was supported by the Life Insurance Medical Research 


Highland- 
Fund and the U. S. Atomic Energy 
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One cc. of the labeled whole blood was then 
injected into the peritoneal cavity at the same 
time as the tritium solution. Mixing of the 
labeled cells in the ascitic fluid was hastened by 
vigorous shaking of the patient’s abdomen and 
frequent change of position. A plateau level of 
radioactivity due to P*? in the ascitic fluid was 
noted after fifteen minutes indicating complete 


where A = volume of ascites 
B = volume of body water minus ascites 


(2) K,sA = KpB 


where K, = fraction of ascites leaving peri- 
toneal cavity per hour 

Kea = fraction of body water minus 

_ ascites entering peritoneal cavity 


mixing of cells within the ascitic fluid. The per hour 
TABLE I 
; Total Body Rate of 
Weight Ascites Ka Ka 
Patient Water T 
1 48 142 35.8 5.3 .47 .08 2.47 Portal cirrhosis 
2 51 170 50 .6 6.6 .40 .06 2.64 | Portal cirrhosis 
3 60 1g0 40.0 14.8 .50 .30 7.45 Portal cirrhosis 
4 70* 95 23 .6 4.8 .61 15 2.91 Peritoneal carcinomatosis 
5 65* 187 48.2 8.0 .53 11 4.26 Peritoneal carcinomatosis 
6 39 149 43.0 4.7 .82 .10 3.80 | Portal cirrhosis 
* Represents female. 


The values for the constants have been rounded off to two decimal places because of the limits of accuracy of their 


plateau lasted a variable period of time (thirty 
minutes to three hours). This activity when 
compared with that of a standard determined 
the volume of ascites. 


THEORY 


If the tracer kinetics of a biologic system can 
be demonstrated to conform to a well defined 
model whose properties are precisely known, 
quantitative information concerning the system 
in question becomes available. It was found that 
the present biological system does conform to a 


closed, two-compartment model as illustrated | 


in Figure 1. Two principal factors were im- 
portant in the selection of the model. First, the 
change in quantity of tritium in either com- 
partment is described by a single exponential 
function and, secondly, the concentration of 
tritium approaches a common level in both 
compartments. 

In such a system (1) compartments A and B 
may be of differing size, (2) the total amount of 
material in the system remains essentially con- 
stant during the intervals considered here and 
(3) equal amounts of content are exchanged 
from one to the other per unit time. 

Mathematically this steady state system can 
be described by the simple algebraic equations: 


(1) A + B = constant 
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After injection into either compartment: the 
movement of tracer, and therefore of water, into 


Ascites Body Water Minus 
Ascites 
A B 
K 


Fic. 1. Two compartment model. 


and out of compartment A or B is described by 
differential equations (3) and (4), respectively. 


where X = quantity of tracer in A 
Y = quantity of tracer in B 


(4) = —KsY + KiaX 


When equilibrium of the tracer throughout body 
water has been reached 


determination. 
dX 
t 
he’ 
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(5) = = —K,X + KaY = 0 
(6) = —KsY + = 0 


Since, assuming tritium to be a perfect tracer, 
the movement of tritium will be entirely 
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transfer into and out of the peritoneal cavity 

and the volumes of Compartments A and B. 
When integrated for the case of injection into 

ascites (compartment A) equation 5 yields 


XoKs 


X= 


1+ 


1090 -- 


al 


= 
fo) 


SPECIFIC ACTIVITY OF TRITIUM IN PLASMA AND ASCITES 


014d 
0 2 


Fic. 2. Showing exponential rates of tritium transfer out of ascites and into 
plasma. 


analagous to that of water, equations 5 and 6 
correspond to equation 2. 

Figure 2 shows the logarithm of ascitic fluid 
and plasma specific activity plotted as a function 
of time. This figure represents patient 2. Curves 
A and B, representing ascites and total body 
water minus ascites, are seen to be asymptotic. 
The common asymptote of the two curves cor- 
responds to uniform distribution of tritium 
throughout the total body water. The specific 
activity at the asymptotic value, when compared 
with the specific activity of a standard, deter- 
mines the total body water. The rates at which 
Curves A and B approach one another are 
determined by (1) rapid exponential mixing of 
tritium within ascitic fluid, plasma, interstitial 
and intracellular fluid, with half-times of the 
order of five minutes to one-half hour. The 
present curves do not, and are not intended to, 
delineate accurately these fast-mixing compo- 
nents; (2) a slower exponential component with 
a half-time determined by the rate of water 


Likewise integration of equation 6 results in 


XoKa ) 
+ K. (1 e K,+Kp)t 


It should be noted that for intravenous injection 
(compartment B) the correct form of the equa- 
tions will be found by exchanging X and Y and 
subscripts A and B in equations 7 and 8. The 
symbols retain their meaning as outlined for 
equations 5 and 6. Xo refers to the quantity of 
tracer injected into the compartment. 

It will be noted that in both instances the 
observed rate constant equals (K, + Ks) which 
is the slope of the slow component. Since the 
slope is determined by Ka plus Kz it will be 
the same for both compartments and will be 
the same whether tritium is injected into ascites 
or the circulation. 

Curves A and B then are made up of a group 
of exponential components. The number of 
early, rapid components and their accurate 


(8) Y = 
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ASCITES = 6.6 LITERS 
BODY WATER-ASCITES= 44.5 LITERS 
=0.40Hr-! 
=0.06Hr-! 
100 OF ASCITES 2.64 
LITERS Hr-' 
6 8 10 2 
HOURS 
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definition are not brought out by the present 
experimental data. The slowest component, 
howeyer, is easily separated and clearly defined. 
Since the early components are not concerned 
with the turnover of ascites, the present discus- 
sion is based on the slow component. This 
component is not present in normal individuals 
but does appear in all the patients with ascites, 
none of whom had any edema. Therefore its 
identification with ascites appears fully justified. 
Moreover, the reasonable agreement between 
ascitic fluid volumes, as determined by extra- 
polation of this component, with values obtained 
by independent methods further establishes this 
identity. 

Extrapolation of the slow component of 
Curve A to zero time permits calculation of the 


volume of ascites. Knowing the volume of © 


ascites and total body water, the volume of 
Compartment B is now available by simply sub- 
tracting the volume of ascites from the total 
body water. Two equations in K, and Kz are 
thus available: 


(9) Ka + Ks = slope of slow component as 
measured from experimental 
data 


We can therefore separate Ka and Ka, and 
K.,A will equal KsB. 

In one instance (case 4) the tritium was in- 
jected into compartment B (intravenously) 
rather than compartment A. Although K, + K; 
would be unaltered by such a change in pro- 
cedure, the volume of ascites must be calculated 
by a different method. After the calculation of 
total body water, which is carried out as previ- 
ously described, the slow component of curve B 
is extrapolated to zero time. The specific activity 
so obtained is added to the specific activity at 
equilibrium. The resulting value, when com- 
pared with the standard, determines the volume 
of body water minus ascites. Subtracting this 
volume from total body water yields the volume 
of ascites. The separation of K,; and Kz; and the 
determination of the absolute rates of flow into 
and out of compartments A and B are then 
carried out as previously described. — 

It should be pointed out that when the tracer 


is injected into the ascitic fluid, all calculations _ 


can be carried out from the ascites curve. Plasma 
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samples are required only to establish more 
firmly the common asymptote. 


The experimental data as presented in Table 1 
indicate that a large volume of water, varying 
from 40 to 80 per cent of the total ascitic fluid 
volume, enters and leaves the peritoneal cavity 
per hour. Thus a patient with a volume of 
ascites of 6 L., which is a common ascitic fluid 
volume, would be turning over approximately 
58 to 115 L. of water per day in the peritoneal 
cavity. The volume of ascites will remain con- 
stant if inflow and outflow rate are equal. How- 
ever, such a small discrepancy between inflow 
and outflow rate as 50 cc./hour, as compared 
with an average total transfer of 2 to 4 L./hour, 
would reduce or increase ascitic fluid by 1,200 
cc. daily. It is apparent, then, that a very 
delicate balance must exist between rates of 
inflow and outflow to prevent large daily 
fluctuations in ascitic fluid volume. 

The total volumes as determined by this 
method are an approximation rather than an 
accurate measure. In patients 4, 5 and 6 the 
total ascitic fluid volumes were checked by an 
independent method; one by the weight of the 
patient before and after paracentesis and the 
volume of fluid recovered, the latter two by the 
dilution of P**-labeled red cells introduced into 
the peritoneal cavity. In all cases the volumes 
checked within less than a Liter, the largest 


difference being 0.9 L. and the smallest 0.1 L. 


The single slow component in Curves A and 
B should be identical, as was stated earlier. In 
actuality it is found that although in some cases 
they agree closely, in others the slow component 
of curve B tends to have a slightly shorter half- 
time. We believe this is due to the inclusion of 
more rapid mixing components in total body 
water which, because of the present experi- 
mental error and limited number of points on 
the curve, we are unable to separate completely. 


COMMENTS 


McKee et al.!* suggested the possibility that 
ascitic fluid might be a circulating medium. The 
demonstration of prompt removal of introduced 
fluid, plasma, and even red cells from the normal 
peritoneal cavity'*® plus the rapid exchange of 
C-labeled proteins between plasma and the 
ascitic pool in dogs with experimental ascites!* 17 
was interpreted by these investigators as good 
evidence for simultaneous formation and reab- 
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sorption of ascitic fluid. The lymphatic appa- 
ratus in diaphragm and pelvis was regarded as 
the most likely site of reabsorption in these 
animals. 

The present studies in humans provide defi- 
nite evidence that rapid transfer of ascitic fluid 
takes place and quantitate the magnitude of this 
circulation. The opposing factors for production 
or reabsorption of ascitic fluid must be regarded, 
therefore, as functioning rapidly and simul- 
taneously rather than acting to nullify one 
another. With the above observations in mind, 
further examination of the chain of events 
leading to ascites formation is possible. It is 
quite evident that the capacity for reabsorption 
of both solids and fluids from the normal peri- 
toneal cavity is considerable. Furthermore, the 
present study would indicate that this function 
remains operative in patients with ascites 
formation due to portal cirrhosis and metastatic 
peritoneal carcinomatosis. 

Ascites formation, no matter what the cause, 
is dependent upon an imbalance between inflow 
and outflow from the peritoneal cavity. Either 
an excess of inflow or a deficit insoutflow could 
be the responsible factor. Here, however, it 
becomes necessary to consider the concept of a 
maximum reabsorption capacity. A patient, for 
example, with Laennec’s cirrhosis could develop 
considerable portal hypertension, with transuda- 
tion of large amounts of fluid into the peritoneal 
cavity. Until the maximum reabsorption ca- 


pacity, or ascites threshold, is exceeded however, 


reabsorption will keep pace with transudation 
and ascites will not develop. If other factors 
such as sodium and water retention, which 
could further increase the inflow load, or 
hypoproteinemia which will decrease the reab- 
sorptive capacity, then supervene, ascites may 
result. It is not too surprising, therefore, that 
certain patients with marked obstruction of the 
portal venous system do not develop ascites or 
that some patients with considerable hypopro- 
teinemia likewise remain free of ascites. They 
simply have not reached the point where, either 
because of increased inflow or decreased outflow, 
fluid enters the peritoneal cavity faster than 
it leaves. 

Likewise, the variation in response to dietary 
sodium restriction, the elevation of serum pro- 
teins by various means and the other usual 
therapeutic measures are understandable. One 
patient with a high degree of portal obstruction 
may produce ascitic fluid faster than it can be 
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reabsorbed even when serum protein concen- 
tration has reached normal levels whereas in 
another patient with less obstruction or less 
sodium ‘and water retention such a therapeutic 
measure will be successful. Thus many combi- 
nations and gradations of the factors leading to 
ascites formation are possible and a quantitative 
estimate of each factor must be at hand before 
the response to therapy becomes predictable. 
The physiologic mechanism for rapid reab- 
sorption of water from the peritoneal cavity in 
the presence of increased portal pressure and 
decreased effective plasma colloid osmotic 
pressure remains unexplained. Volwiler et al.'*® 
have demonstrated total hepatic lymph flows 
of 2 to 6 L. daily in 16 kg. dogs with experi- 
mental ascites. On a weight basis this would 
correspond to 9 to 26 L. in 70 kg. humans. 
However, their experimental method, con- 
striction of the thoracic portion of the inferior 
vena cava or the hepatic vein, is open to 
question as to its relevance to the conditions 
obtaining in portal cirrhosis. Complete obstruc- 
tion of the portal vein and abdominal vena cava 
resulted in only minimal hepatic lymph flow 
(approximately 350 cc. daily). That such large 
volumes of hepatic lymph flow may occur, 
however, suggests that lymphatic drainage may 
be a more important pathway of reabsorption 
from the peritoneal cavity than has been recog- 
nized previously. It should also be noted that 
these findings are somewhat at variance with 
those of Starling’ who found marked increases 


_in thoracic duct lymph flow after occlusion of 


the portal vein. These increments in thoracic 
duct lymph flow could be eliminated by ligature 
of the hepatic lymphatics. 

Some comment on portal hydrostatic versus 
Osmotic pressure is pertinent here. Obviously 
these forces do not remain static throughout the 
portal capillary system. Whereas the arterial 
portion of the splanchnic capillary may be 
characterized by a hydrostatic pressure which 
exceeds the osmotic pressure, water and some 
solid thereby being lost from the capillary, the 
venous portions, because of loss of water in 
excess of solids, will contain fluid of progressively 
higher osmotic pressure. It is entirely possible 
then that significant reabsorption of water into 
venous portions of splanchnic capillaries may 
occur because of an increase in osmotic pressure 
up to and above the hydrostatic . The 


Starling hypothesis should be as valid in the 


portal system as elsewhere in the body. 
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SUMMARY 


Six patients with ascites have been studied, 
four with portal cirrhosis and two with peri- 
toneal carcinomatosis. It has been shown in 
these patients, using tritium-labeled water, 
that the water content of ascitic fluid enters and 
leaves the peritoneal cavity at a very rapid rate, 
approximating 40 to 80 per cent per hour. 
Ascitic fluid, then, is a rapidly circulating 
medium rather than a ted reservoir. 

The peritoneal surfaces of both normal and 
diseased individuals are capable of reabsorbing 
large volumes of fluid. Not until the rate of in- 
flow exceeds this maximum reabsorptive ca- 
pacity, here designated as the ascites threshold, 
does ascites result. Using this principle the 
presence or absence of ascites in a variety of 
apparently contradictory conditions becomes 
more easily understandable. 
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Experience with Needle Liver Biopsies 
at the Hepatitis Center for Japan 
and Korea, 1950-1951" 


Capt. STEPHEN H. DescHamps, m.c. and Lt. Cot. ARTHUR STEER, M.C. 


Fort Dix, New Jersey 


IDESPREAD experience has firmly estab- 
lished the use of needle liver biopsy 
in the diagnosis and clinical manage- 
ment of hepatic disease. Although successfully 
employed as early as 1893-1895,?* the real 
impetus to the use of this procedure began with 
the work of Iversen and Roholm***’ in 1939 
and increased very rapidly during and after 
World War 11.°~*15-24,38:49 The usefulness of 
liver biopsy in the differential diagnosis of 
jaundice, **** the evaluation of specific thera- 
peutic regimens!*?*54 and the elucidation of 


late sequelae of infectious hepatitis!?»**+3?-51-53 


has been amply attested by recent reports 
comprising thousands of cases. 

In September, 1950, the 35th Station Hospital 
was established as a “Hepatitis Center” for the 
Far East Command in anticipation of the epi- 
demic proportions assumed by infectious hepati- 
tis among military personnel under conditions 
of combat.”!*:!6 During the period from Sep- 
tember 1, 1950, to June 1, 1951, 2,351 cases of 
liver disease were seen at this hospital. The 
number of patients with hepatitis, cirrhosis and 
other diseases is given in Table 1. Detailed studies 
of the epidemiology, clinical course and manage- 
ment of these cases are now in progress. f 

The purpose of the present paper is to 
describe the use of the needle liver biopsy as a 
clinical tool, not only in diagnosis but also in 
helping to determine the therapeutic manage- 
ment and disposition of military patients at a 


t A preliminary survey and analysis of the activities of 
the Hepatitis Center, including a summary of the 
epidemiology and clinical features of this epidemic, was 
made in April, 1951, by Dr. W. Paul Havens, Jr.*° 


Tokyo, Japan 
hospital center in an overseas theater during an 
active and fluid military campaign. 
INDICATIONS FOR BIOPSY 
Eighty-four liver biopsies were performed on 
seventy-three patients during the period from 


TABLE 1- 
ADMISSIONS FOR HEPATIC DISEASE, 35TH STATION HOSPITAL, 
SEPTEMBER 1, 1950, To june 1, 1951 


No. of 
Final Diagnosis Patients 
Cirrhosis (all types).................-. 4 
Hemolytic jaundice (including malaria). . 7 
Suspected hepatitis, no liver disease found 310 


September 1, 1950, to June 1, 1951. Although 
the information thus obtained was of great value 
in the care of these patients, they comprised 
only some 3.1 per cent of the total admissions 
during this period. The remaining patients, for 
the most part, suffered from uncomplicated 
typical viral hepatitis and recovery was com- 
plete and uneventful. 

Liver biopsy was performed in those cases in 
which (1) the diagnosis remained in doubt after 
considerable clinical and laboratory study; 
(2) recovery from a clinically typical attack of 
infectious hepatitis was unduly prolonged; 
(3) an attack of hepatitis had been unusually 
severe; and (4) there was a past history of 
recurrent jaundice. (Table .) These indica- 
tions were generally involved with the question 
of disposition’ of the patient, particularly when 


* From the Medical Service, 35th Station Hospital (Hepatitis Center, Japan Logistical Command, FEC), and the 
Department of Pathology, 406th Medical General Laboratory. Presented in part in a Symposium on Hepatitis, Japan 
Logistical Command Joint Medical Conference, Association of Military Surgeons of the United States, Osaka Army 
Hospital, Osaka, Japan, March 23, 1951. Published under the auspices of The Surgeon General, U. S. Army, who 
does not necessarily assume responsibility for the professional opinions expressed by the authors. 
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recovery was delayed and when the illness was 
unduly severe. 

Diagnosis. These thirty-five patients are dis- 
cussed later in the article. 

Prolonged Disease. Recovery was considered 
delayed in these patients because liver function 


TABLE 

INDICATIONS FOR BIOPSY IN SEVENTY-THREE PATIENTS 

No. of No. with 

Patients Repeat 

Biopsy 
Prolonged disease............... 27 4 
Severe disease.................. 8 2 
To assess therapy (control prior to 

73 11 


tests, particularly the total serum bilirubin and 
the bromsulphalein dye retention, showed per- 
sistently abnormal® results, or because of the 
persistence of abnormal physical findings. 
Liver biopsy findings in such patients were not 
uniform. In some there was evidence of chronic 
hepatic disease while others showed only mild 
inflammatory activity without evidence of 
chronic disease. Further, some of the patients 
with biopsies showing chronic hepatic disease 
gradually improved and apparently progressed 
to complete clinical recovery while others 
required further hospitalization and study in 
the United States. Those patients whose biopsy 
did not show evidence of chronic hepatic disease 
progressed to complete recovery and ultimate 
return to full duty. Thus liver biopsy was useful 
in avoiding unnecessary evacuation of trained 
personnel and loss of their services in this 
theater at a critical time, and at the same time 
permitted study of patients requiring prolonged 
observation and treatment. 

Severe Disease. In patients with hepatitis of 
unusual severity liver biopsy sometimes revealed 

* Normal values used at the Hepatitis Center were: 
(1) Total Serum Bilirubin: under 1.14 mg. per cent 
(Ducci and Watson moditication of Malloy and Evelyn 
method‘! using the Coleman, Jr., spectrophotometer) ;° 
(2) Bromsulphalein Dye Test: 5 per cent or less retention 
forty-five minutes after injecting 5 mg./kg. body weight; 
(3) Alkaline Phosphatase: 1.5 to 4.0 Bodansky units;*'! 
(4) Cephalin-cholesterol Flocculation: + or less in 
twenty-four and 2 plus or less in forty-eight hours;’* (5) 
Thymol turbidity: under 4.0 units.” 
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rather extensive changes even after recovery 
seemed complete by physical examination and 
laboratory study. Such patients undoubtedly 
would not have fared well had they returned to 
full duty, which often meant combat assign- 
ments in Korea. These patients were therefore 


TABLE m1 
DISPOSITION OF PATIENTS BIOPSIED 
Evacuated to United States.................... 14 
Limited duty (to be re-evaluated)............... 18* 
From limited duty to full duty (after re-evaluation) 3 
To full duty (chronic disease excluded). ......... 34 


* According to follow-up information available in 
May, 1952 (from Lt. Col. Robert S. Jordan, uc, Chief 
of Medicine, 35th Sta. Hosp.), ten of these patients were 
discharged to full duty upon re-evaluation after their 
period of limited duty, one patient remained on limited 
duty for another 3 months and was then sent to full duty 
after a third biopsy and re-evaluation, two patients were 
evacuated to the United States and one patient placed 
on permanent limited duty. The remaining four patients 
in this group were lost to follow-up. 

t Follow-up information in May, 1952 disclosed that 
one of these patients was evacuated to the United States, 
one progressed from limited to full duty after re-evalua- 
tion, and two are still on limited duty at last report. 


placed on limited duty for periods of three to six 
months to insure a convalescent period of 
relatively restricted physical activity and ade- 
quate diet. They were then readmitted for 
examination, laboratory studies and repeat 
biopsy, and their final disposition was again 
considered. The frequent lack of correlation 
between hepatic function as determined by 
laboratory tests and liver structure as seen on 
biopsy has been reported by others**:**-** and 
indicates the value of performing liver biopsy 
after recovery from unusually severe hepatitis, 
even when such “recovery”’ has been rapid and 
seems complete by the usual clinical criteria. 
Four patients with severe hepatitis who thus 
far have returned after a period of limited duty 
were still asymptomatic and had normal liver 
function tests. The liver biopsy in each case 
showed improvement. It was thus possible 
to retain certain patients for at least limited 
duty in this theater without deterioration of 
their hepatic status. Liver biopsy was instru- 
mental in the selection of these patients. 
Examination of liver tissue was also valuable 
in resolving the question of “chronic hepatitis”’ 
and/or “residual fibrosis” in certain cases with 
a history of “hepatitis” one or more times in 
the past. These patients presented symptoms 
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which were often vague and suggestive of 
psychogenic gastrointestinal syndromes. Physical 
examination usually revealed only slight, if any, 
hepatomegaly without evidence of liver disease. 

Liver function tests were generally normal. 

Liver biopsy in such patients completed the 
exclusion of chronic disease. 

Therapy Evaluation. Finally, serial liver biop- 
sies were performed to assess the results of 
therapy in certain cases in which the finding 
of fatty metamorphosis on initial biopsy led to 
the use of lipotropic agents and in the evalua- 
tion of other drugs not heretofore used routinely 
in the management of infectious hepatitis. 
Table im lists the disposition of the biopsied 
patients. 


TECHNIC 


Progressive refinements in technic have 
decreased markedly the percentage of unsuc- 
cessful attempts and have enhanced greatly the 
safety with which needle biopsy may be done. 
The mortality of 0.5 per cent given in one 
report has been reduced to zero in recent 
reports. However, it must be borne in 
mind constantly that one can never completely 
divorce this procedure from the inherent peril 
of massive hemorrhage. Liver biopsy should 
therefore not be attempted without due pre- 
cautions and adequate preliminary investigation. 

Table rv lists the accepted contraindications 
to needle liver biopsy. Of these a bleeding 
tendency is most important. All patients had a 
bleeding, clotting and prothrombin time twenty- 
four to forty-eight hours prior to biopsy. Two 
pints of blood were cross matched and kept in 
readiness until twenty-four hours after the 
biopsy. A prolonged prothrombin time on 
initial examination was not an absolute contra- 
indication if it could be corrected by parenteral 
administration of vitamin K or by blood trans- 
fusion. All patients received 16 mg. menadione® 
intramuscularly twice daily for forty-eight hours 
prior to and twenty-four hours following biopsy, 
as a precautionary measure. After biopsy pa- 
tients were kept at strict bedrest for twenty-four 
hours, with observation of pulse and blood 
pressure hourly for the first twelve hours and 
every two hours for the next 12 hours. 

All biopsies were performed with the Vim- 
Silverman needle using the intercostal approach. 
In one patient a subcostal biopsy was also 
performed because of striking enlargement of 
the left lobe of the liver, which extended 
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10 cm. below the xiphoid process (Case Iv). 
Recent reports!®** also recommend the inter- 
costal approach, reserving the subcostal or 
subxiphoid technics for those cases in which the 
liver is markedly enlarged or when nodules are 
present and are biopsied to exclude a malignant 
process. 
TABLE IV 
CONTRAINDICATIONS TO LIVER BIOPSY 

General contraindications 

Hemorrhagic diathesis (if not reversible by parenteral 

' vitamin K or blood transfusion) 
Special contraindications 

Amebiasis or other disease which may be spread by 

biopsy (prior treatment necessary) 
Ascites (paracentesis prior to biopsy) 
Suspected abscess of liver or subphrenic space 


“Individual”’: 
operation, etc. 
Contraindications to intercostal and subcostal approach 

Intercostal approach: 

Marked pulmonary emphysema 

Deformity of thoracic cage with loss of accessible 
intercostal space 

Disease of right lower lobe or pleura 

Subcostal or xiphoid approach: 

Liver margin less than 15 cm. below costal margin 
Disease of or involving peritoneum (inflammatory or 
malignant) 

A special feature of the technic used was the 
preliminary introduction of a No. 20 gauge, 
spinal puncture needle following injection of 
novocain. With this needle one could ascertain 
the adequacy of the anesthesia and verify the 
direction of and distance to the liver by the 
motion transmitted to the needle during 
respiration. Transmitted respiratory motions 
were perceptible when the tip of the needle 
pierced the diaphragm (the liver lying imme- 
diately beyond). This step avoided subsequent 
withdrawing movements by the patient because 
of inadequate anesthesia as well as unnecessary 
and dangerous exploration with the No. 15 
gauge Vim-Silverman needle. The hazard of 


_ laceration in the final step was thereby reduced. 


No untoward incident was encountered in 


our series. Three biopsies were abandoned be- 


cause of extreme apprehension and consequent 
lack of cooperation despite the routine ad- 
ministration of preliminary sedation (demerol® 
75 mg. or sodium luminal 120 mg. intramuscu- 
larly). A few patients experienced mild epi- 
gastric and/or right upper quadrant Ginenter| 
after biopsy. Occasionally mild diaphragmatic 
pleurisy was encountered. In no instance were 
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the symptoms severe and none lasted more than 
a few minutes to two hours following the 


procedure. 
PATHOLOGY 
The liver biopsy specimens were immediately 
placed in 10 per cent formalin and in Carnoy’s 


TABLE V 
DIAGNOSES USED FOR LIVER BIOPSIFS 
Hepatitis, active 
Fatty metamorphosis 
Portal cirrhosis 
Hepatitis of specific etiology 
(e.g., tuberculous, amebic) 
solution. The latter fixative was used exclusively 
after the first few specimens. In a few cases 
glycogen studies were performed (Best’s carmine 
stain on absolute-alcohol fixed portions of the 


specimen) but this added little information in 


these cases and was not done routinely. 

After the usual preparation paraffin sections 
were stained with hematoxylin and eosin, and 
by Masson’s trichrome method. The slides were 
interpreted first without reference to the history 
and clinical findings and again after this in- 
formation was studied. All sections were 
reviewed by both authors and were submitted 
to the Registry of Hepatic Pathology at the 
Armed Forces Institute of Pathology. 

Originally, a detailed classification based in 
part on reports in the literature was used. After 
correspondence with the Registry of Hepatic 
Pathology a slightly modified version of the 
classification used there was substituted. The 
result was a simple list of diagnoses (Table v) 
based primarily on morphologic changes with 
little emphasis placed on etiology except where 
a specific diagnosis was possible. The amount 
and extent of inflammatory reaction and the 
presence of scarring were the important criteria. 
This, then, was a working classification valuable 
in determining diagnosis and in determining the 
necessity for further therapy, retention in the 
theater, or return to the United States. 

Originally, the diagnoses of “‘focal necrosis,” 

‘portal hepatitis” and “‘cholangiolitic hepatitis” 
were also used. Later these were included under 
the one term “active hepatitis.” This diagnosis 
was made when diffuse active inflammation, 
focal necrosis and/or bile stasis in the smallest 
biliary radicles was present. The diagnosis of 
postnecrotic scarring indicated the presence of 
definite fibrosis and inflammation in the portal 
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areas sometimes accompanied by bile duct 
proliferation. In some sections both active 
hepatitis and postnecrotic scarring were present. 
Postnecrotic scarring was distinguished histo- 
logically from portal cirrhosis in that in the 
former the fibrosis was irregular, rather than 
diffuse, and generally not accompanied by 


TABLE VI 
AGE AND RACE DISTRIBUTION OF PATIENTS WHO HAD LIVER 
BIOPSY 
Under 25) 25-34 | 35-44! 45 | Total 
Caucasian....... 38 19 8 1 66 
1 4 1 6 
Oriental........ | 1 
39 24 9 1 73 


olobule formation. These criteria may not 
be valid for old cases of postnecrotic scarring 
which have progressed to actual cirrhosis. 
Histologically, distinction between a viral and a 
toxic etiology could not be made. Other terms 
in the list of diagnoses are self-explanatory. 
RESULTS 

The eighty-four biopsies comprising this series 
were performed in seventy-three patients, all of 
whom were males. The racial and age distribu- 
tion, shown in Table vi, was similar to the 
over-all hospital admissions to the Hepatitis 
Center during this period. 

Diagnosis. Obscure diagnosis was the chief 
indication for liver biopsy in thirty-five in- 
stances. In thirteen of these (37 per cent) the 
clinical diagnosis (taking the “majority con- 
sensus’”” recorded on the chart) was confirmed 
by the biopsy. The biopsy was credited with a 
precise diagnosis which had not been established 
by clinical methods in twelve cases (34 per 
cent). Eight other patients (23 per cent) had a 
history of jaundice in the past and presented 
vague gastrointestinal symptoms with slight 
hepatomegaly. They had no other evidence of 
chronic hepatic disease by physical or laboratory 
examinations. In all eight instances liver biopsy 
showed no abnormalities, suggesting that chronic 
hepatic disease was not the basis for their com- 
plaints. Finally, in two patients (6 per cent) the 
liver was essentially normal on biopsy in spite 
of chronic, asymptomatic, low grade jaundice 
for many years. In these patients the liver biopsy 
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CasE 1. (No. J-2.) A twenty year old white 
soldier was admitted because of diarrhea of 
three weeks’ duration consisting of four to five 
watery and slimy movements daily without 
blood. There were associated para-umbilical 
cramps but no history of chills, fever, upper 
gastrointestinal symptoms or dark urine. The 
past history and systemic review were negative 
for symptoms suggesting hepatitis or other liver 
disease. 

Physical examination revealed a firm, non- 
tender liver extending 3 cm. below the costal 
margin. Rectal and proctosigmoidoscopic ex- 
aminations showed nothing unusual. Stool 
examinations were positive for ova of Ascaris 
but repeatedly negative for amebas. Amebic 
complement-fixation test was negative. The 
white blood count was 12,200, eosinophils 2 per 
cent. All liver function tests were normal except 
for BSP retention of 10 to 30 per cent in forty- 
five minutes and 3 plus cephalin-flocculation in 
forty-eight hours. 

Liver biopsy (Fig. 1) revealed fibrosis, heavy 
infiltration of portal areas by lymphocytes and 
mild fatty metamorphosis of the parenchyma. 
The changes suggested chronic hepatitis with 
early cirrhosis of the postnecrotic type. 

Comment. Although this patient’s only symp- 


Fic. 1. Case 1 (J-2). Lymphocytic infiltration and scarring of portal area and mild 
fatty metamorphosis. 


was not helpful in diagnosis except in a negative 
fashion. 

The following cases are illustrative of in- 
stances in which liver biopsy aided materially 
in arriving at a precise diagnosis: 


tom was diarrhea and there was no history of 
antecedent jaundice, significant alcohol intake, 
dietary insufficiency or exposure to hepato- 
toxins, liver biopsy revealed fairly advanced 
cirrhosis suggestive of “toxic nodular cirrhosis.” 
The ascariasis was not considered contributory 
to the patient’s liver disease and was readily 
eliminated by hexylresorcinol. The patient was 
evacuated to the United States. 

Case u.. (No. J-86.) A twenty-five year old 
Negro soldier was evacuated from Korea with 
vague gastrointestinal complaints of two months’ 
duration consisting of epigastric cramps and 
occasional vomiting unrelated to food. There 
were no chills, fever, cough or night sweats. 
Physical examination was negative except for 
shotty, discrete and non-tender cervical and 
axillary lymph nodes. 

Chest x-ray showed bilateral hilar lymphade- 
nopathy; the lung fields were clear. The gastro- 
intestinal tract was normal radiologically and 
x-rays of the hands revealed no lesions sugges- 
tive of sarcoidosis. Complete blood count was 
normal but the sedimentation rate was per- 
sistently elevated to 30 to 40 mm. at one hour. 
The serum proteins were normal and except 
for a thymol turbidity of 6.2 units all liver func- 
tion tests were within normal limits. Tuberculin 
test was negative in first and second strength 
PPD. 

While in the hospital the patient was asymp- 
tomatic but exhibited a low grade fever of 100° 
to 101°F. each afternoon. Sarcoidosis was 
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Fic. 2. Case m (J-10). Pseudolobule formation, fibrosis and active inflammation 
in periphery of lobule associated with an increase in small bile ducts. 


suspected because of the patient’s race, hilar 
adenopathy and negative tuberculin tests. None 
of the peripheral lymph nodes was deemed 
sufficiently enlarged to justify excision for 
diagnosis. 

Liver biopsy revealed many discrete granu- 
lomatous foci scattered throughout the hepatic 
parenchyma. These consisted of epithelioid cells 
and lymphocytes with a fine stroma of connec- 
tive tissue. No giant cells were seen. There was 
no caseation. 

Comment. ‘The lesions described were con- 
sistent with those of Boeck’s sarcoid. As has been 
pointed out by Klatskin and Yesner,*® these 
granulomatous foci are indistinguishable histo- 
logically from those produced in a number of 
other conditions, including brucellosis, miliary 
tuberculosis and erythema nodosum. Subse- 
quent to liver biopsy swelling and tenderness of 
both parotid glands developed without evidence 
of uveitis. The patient was evacuated to the 
United States. 

Case m1. (No. J-10.) A forty-four year old 
white soldier was evacuated from Korea in 
November, 1950, with a diagnosis of infectious 
hepatitis. He complained of fatigability and 
progressive anorexia for one month followed by 
the appearance of dark urine, acholic stools and 
jaundice during the week preceding his evacua- 
tion to the Hepatitis Center. Further questioning 
revealed that the patient had been a Japanese 
prisoner of war for thirty-nine months, during 
which time he had had beri-beri as well as 
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nutritional edema. He admitted consuming an 
average of twelve beers daily but denied any 
gastrointestinal symptoms and claimed to have 
taken an adequate diet from 1946 until the 
present illness began. 
male appearing much older than his stated age. 
There was mild dermal and scleral icterus, 
sparse body hair and many spider angiomas. 
No gynecomastia was present. The superficial 
abdominal veins were dilated. The liver was 
firm, finely nodular and non-tender, extending 
4 cm. below the costal margin. The spleen was 
just palpable. Testes were markedly atrophic. 
Laboratory data were typical of hepato- 
cellular jaundice; A/G ratio was normal. 
Esophageal varices were not demonstrated 
radiologically. 
_ The clinical diagnoses were: (1) Laennec’s 
cirrhosis and (2) superimposed viral hepatitis. 
Liver biopsy (Fig. 2) showed extensive 
fibrosis with increased numbers of small bile 


’ ducts and distortion of the lobular architecture 


by broad bands of connective tissue in which 
heavy cellular infiltration was noted. Areas of 
hepatic cell regeneration were also noted. The 
glycogen content seemed diminished but fatty 
vacuolization was not seen. 

Comment. The histologic findings suggested 
‘toxic nodular cirrhosis” rather than ordinary 
“‘portal’”’ (Laennec’s) cirrhosis. The former has 
been described as occurring after non-fatal, 
acute infectious hepatitis with massive hepatic 
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necrosis (acute or subacute yellow atrophy) and 
has also been produced experimentally in rats 
by Himsworth?! and by Gyérgy!’ with diets 
deficient in sulfhydryl groups. Although this 
patient gave no history of antecedent hepatitis, 
the history of prolonged, extreme nutritional 
deficiency during World War 1 parallels to some 
extent the experimental conditions leading to 
massive hepatic necrosis and subsequent cir- 
rhosis of the type described.** 

This patient was given a high protein, high 
calorie diet with supplementary vitamin B com- 
plex, brewer’s yeast (12 gm. daily) and choline 
(2 gm. daily). His appetite improved but jaun- 
dice persisted. He was evacuated to the United 
States. 


tv. (No. J-59.) A twenty-eight year 


old white soldier was evacuated to Japan in 
March, 1951. Present illness began insidiously 
four months previously with increasing fatiga- 
bility punctuated by an episode of fever lasting 
four days, which subsided without therapy. In 
February, 1951, two months after onset, he 
sought medical advice and was found to have 
an enlarged liver and mild secondary anemia. 
There was no history of gastrointestinal symp- 
toms either before or during the present illness 
and no weight loss, dark urine, acholic stools 
or jaundice. No family history of jaundice or 
history of exposure to hepatotoxins, blood, 
plasma or parenteral therapy was elicited. 
Physical examination revealed no weight loss 
or jaundice. There were many spider angiomas 
but no hair loss, lymphadenopathy, collateral 
venous circulation, gynecomastia or testicular 
atrophy was found. The left lobe of the liver 
was strikingly enlarged and extended 10 cm. 
below the xiphisternum into the left upper 
quadrant. The edge was sharp and stony hard 
with an irregular anterior convexity suggesting 


a large nodule. The right lobe descended only 


2 cm. below the costal margin. The spleen was 
palpable 2 to 3 cm. below the left costal margin 
and was firm and non-tender. 

On March 29, 1951, serum bilirubin was 
0.26 mg. per cent at one minute with a total 
of 0.64 mg. per cent, BSP was 5 per cent (forty- 
five minutes), cephalin-flocculation was 1 plus 
in twenty-four hours and 4 plus in forty-eight 
hours, thymol turbidity was 10 units, alkaline 
phosphatase was 4.3 Bodansky units, serum 
albumin 4.3 gm. per cent with globulin 3.7 gm. 
per cent and total cholesterol was 280 mg. per 
cent. The red blood count was 3.69 million per 
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cu. mm. and hemoglobin 13.0 gm. per cent; 
white blood count was 4,800 per cu. mm. with 
normal differential count. Gastrointestinal series 
showed nothing unusual. The clinical diagnoses 


included possible primary malignancy of liver 
or toxic nodular cirrhosis. 


TABLE VI 

FINDINGS IN PATIENTS WITH PROLONGED OR SEVERE DISEASE 
(AT TIME OF BIOPSY) ~ 

Abnormal liver function tests only 


35 
* Chiefly, BSP retention only (fourteen cases) or BSP 
retention plus slightly elevated total serum bilirubin 


Liver biopsy was performed April 3rd and 
both intercostal and subxiphoid specimens were 
obtained, the latter from the nodular convexity 
in the left lobe. The first (intercostal) specimen 
revealed only a few foci of necrosis with infiltra- 
tion by small numbers of lymphocytes and 
polymorphonuclear cells. The other specimen, 
however, showed lobular distortion by wide 
bands of connective tissue partially circum- 
scribing the lobules in some sections. Small bile 
ducts were increased in number. These changes 
were interpreted as indicating severe post- 
necrotic scarring. 

Comment. This case illustrates two points: 
(1) the existence of advanced cirrhosis of the 
toxic nodular variety which involved one lobe 
of the liver and which had caused portal hyper- 
tension, in the complete absence of any history 
of antecedent hepatitis, jaundice or dietary 
insufficiency, and (2) the possibility of being 
misled by the liver biopsy in instances in which 
the hepatic lesion is not diffuse. 

Prolonged and/or Severe Disease. These two 
combined were the indications for biopsy in 
thirty-five of the seventy-three patients in this 
series: The abnormalities present at the time of 
biopsy in this group of patients are listed in 
Table vn. An analysis of the predominant histo- 
logic changes, using the criteria already de- 
scribed, showed continued activity (active 
hepatitis) in twenty-one instances, postnecrotic 
scarring in eight instances and fatty meta- 
morphosis in six instances. 
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The laboratory data in this series were not 
sufficient to attempt an extensive correlation 
between the laboratory studies and pathologic 
changes observed on biopsy. However, no single 
histologic finding or group of findings appeared 
to be consistently associated with any combina- 


infiltration in portal areas, with slight increase 
of connective tissue and small bile ducts. Many 
inspissated bile-plugs (Fig. 3B) were noted. 
Comment. This patient’s illness was character- 
ized by a prolonged phase of “cholangiolar 
obstruction.” The presence of bile pigments in 


TABLE VII 
CHANGES ON REPEAT BIOPSY IN SIX PATIENTS ORIGINALLY BIOPSIED BECAUSE OF PROLONGED OR SEVERE 
DISEASE 
Second Biopsy * 
First Biopsy; Weeks from | Weeks from Weeks 
No. Onset to Onset fo between 
AH | FM | PNS| AH | FM | pNs | Fist Biopsy | Second Biopsy | Biopsies 
J-28 (Case v1) + ++] +t + 0 + 6 16 10 
J-37 (Case vut) ++ + + + + + 8 11 3 
J-19 + ++] + + + 0 11 27 16 
J-40 (Case 1x) ++ 0 |+ + 0 + 13 23 10 
J-58 0] + + 0 + 6 12 
J-29 + 0 } ++] + 0 0 18 33 15 


* Severity graded 1 to 4 plus. 


Legend: AH = active hepatitis; FM = fatty 


; PNS = 


postnecrotic scarring. 
t A third liver biopsy in this patient was obtained fifteen weeks after the second biopsy (twenty-seven weeks after 
onset). This revealed + active hepatitis, 0 fatty metamorphosis and probably no true PNS but only some mild stromal 


collapse. 


tion of physical findings or abnormal laboratory 
tests. This is in keeping with more extensive 
studies in which such correlation was at- 
tempted. Although some observers*’:4?:44.46 have 
reported statistically significant correlations, 
others*®.*.51.53 have been unable to confirm such 
observations. Table vim shows the changes 
found in six patients who had repeat biopsies 
from three to sixteen weeks after original biopsy. 
All were patients with severe or prolonged 
disease. Three are among the patients described 
in more detail hereafter. 

CasE v. (No. J-8.) A twenty year old white 
soldier, in whom typical acute infectious hepa- 
titis developed in early October, 1950, was 
evacuated from Korea about one week after 
onset. Despite the rapid return of appetite and 
well-being, deep jaundice, biliuria and marked 
hepatic enlargement were still present six weeks 
after onset. There was no ) splenomegaly or other 
abnormal physical Serum bilirubin 
averaged 7.0/15.0 mg. per cent (1 min./total) 
with 4 plus cephalin flocculation and 20.0 units 
thymol turbidity. Alkaline phosphatase was 
9.0 Bodansky units and urobilinogen was present 
in the urine in 1:20 dilution. 

Liver biopsy (Fig. 3A) showed lymphocytic 
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the feces and urobilinogen in the urine indicated 
that this obstruction was not complete. The 
involvement of portal triads and the presence 
of inspissated bile were consistent with the 
clinical observations of prolonged jaundice and 
biliuria. This phase of hepatitis is usually much 
more brief in the average case’*!® and when it 
persists for this length of time must be differen- 
tiated from extrahepatic obstruction or chronic 
cholangiolitic hepatitis.°* The liver biopsy ex- 
cluded such changes. The patient ultimately 
made a complete recovery and was discharged 
to full duty after twelve weeks’ hospitalization. 
Follow-up report from another hospital three 
months later revealed that the patient was 
asymptomatic with negative physical examina- 
tion and completely normal liver function tests. 

Fatty metamorphosis is rarely mentioned in the 
literature as a frequent occurrence during the 
acute stage, in convalescence or as a late 
residual finding in the course of infectious 
hepatitis.4 However, significant degrees of fatty 
metamorphosis were noted in six patients, com- 
prising 17 per cent of the cases biopsied because 
of prolonged and/or severe disease. In two 
instances all liver function tests were normal and 
persistent hepatomegaly was the sole abnor- 
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Fic. 3. Case v (J-8). A, six weeks after onset of typical acute infectious hepatitis; 
focal necrosis, with inflammation in periphery of lobules. B, same case; bile plugs 


in small biliary radicles. 


mality on physical examination. Three patients 
presented persistently abnormal BSP retention 
without other abnormalities. One patient (Case 
vit) had both hepatomegaly and spider angiomas 
as well as abnormal liver function tests. It may 
be significant that this patient admitted a con- 
siderable indulgence in alcohol during his con- 
valescence from hepatitis. | 
Rapid improvement, both clinically and on 
biopsy, was the rule in these cases following 
treatment with lipotropic agents. The uni- 
formity and speed of response appeared to 
parallel reported experience with lipotropic sub- 
stances in fatty metamorphosis of the liver 


associated with alcoholism and dietary insuff- 
ciency.'*:54 Progression to diffuse hepatic fibrosis 
has not been observed in any of our patients 
to date. 

Case vi. (No. J-28.) An eighteen year old 
white man had viral hepatitis in October, 1950, 
while in Korea. There was no history of alco- 
holic excesses or dietary irregularity in the past. 
Jaundice disappeared by the fourth week after 
onset and the patient felt well, exhibiting an 
excellent appetite and steady gain in weight. 
In the sixth hospital week, despite continuation 
of bedrest, the liver still remained enlarged 4 to 
6 cm. below the costal margin, with persistent 
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tenderness. There was no splenomegaly or 
spider nevi. The BSP was 5 per cent (forty-five 

minutes) and bilirubin normal; cephalin floccu- 
lation was plus/minus at twenty-four hours and 
2 plus at forty-eight hours, and thymol 7.0 units. 

Liver biopsy six weeks after onset of illness 
revealed normal architecture and minimal in- 
crease in portal connective tissue with mild 
inflammatory cell infiltration. Moderate fatty 
metamorphosis was present. 

The patient was given choline (2.0 gm. daily) 
and was discharged to limited duty. He took 
choline for thirty days and remained on limited 
duty for three months. At that time he was 
readmitted. He was entirely asymptomatic, the 
liver was neither enlarged nor tender and all 
tests were normal. 

Liver biopsy sixteen weeks after onset of 
illness showed occasional foci of necrosis but the 
architecture was again normal. Fatty meta- 
morphosis had disappeared. There was a slight 
increase in portal scarring. The patient was 
discharged to full duty. 

Case vi. (No. J-55.) A twenty-seven year 
old white Army sergeant had hepatitis with 
mild jaundice in mid-November, 1950, while in 
Korea. History revealed a moderate indulgence 
in alcohol but his diet was adequate and he had 
had no previous gastrointestinal symptoms. By 
early January, 1951, the liver was no longer 
enlarged or tender and the serum bilirubin had 
returned to normal. However, the BSP test 
remained elevated (30 per cent). In February, 
despite continued well-being and an excellent 
appetite, spider angiomas appeared and the 
liver again became palpable 2 to 5 cm. below 
the costal margin. BSP had remained abnormal 
throughout this time. 

Liver biopsy (Fig. 4) on March 20th revealed 
extensive fatty metamorphosis although lobular 
architecture was preserved and only one of 
several portal areas showed an increase in con- 
nective tissue and bile ducts. 

Choline therapy was initiated and the patient 
evacuated to the United States. 

Postnecrotic Scarring. In spite of the extensive 
experience with liver biopsy reported in the 
literature the exact pathogenesis of so-called 
“toxic nodular cirrhosis’’ is still not definite. 
It is, however, generally accepted as following 
non-fatal massive hepatic necrosis or “‘subacute 
yellow atrophy” which characterizes the most 
severe instances of any type hepatitis. It has not 
been shown conclusively that viral hepatitis of a 
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Fio.. 4. Case vn (J-55). Extensive fatty metamorphosis. 


less serious degree can lead to cirrhosis of this 
type. 

The relation between viral hepatitis and 
portal cirrhosis is more confused. Lucké,*® 
Havens'*® and others”*:** believe that there is 
no such association. Bloomfield,‘ Howard and 
Watson, Sherlock?! and others, 44.43 al- 
though differing on details, form a group who 
believe that some cases of viral hepatitis have a 
prolonged course frequently associated with 
relapse, describe these cases as instances of 
chronic hepatitis and believe that typical portal 
cirrhosis develops in some of these patients. 

Havens?® has reviewed the biopsy findings in 
several series, both with and without recurrence 
of jaundice, over a period of follow-up as long 
as fifteen months and concluded that “essentially 
normal” hepatic parenchyma was the end 
result in most cases. Some changes of doubtful 
significance, such as periportal infiltration, 
could persist even in cases with a normal 
clinical recovery and no other evidence of active 
disease. Mallory*® examined biopsy specimens 
in forty cases with prolonged recovery, as well 
as thirteen cases with one or more relapses, and 
found little evidence of chronic lesions such as 
fibrosis, pseudolobulation or increased bile duct 
proliferation in either group. Combining the 
series of Dible et al.,* Sherlock and Walshe*® and 
Mallory,*® only three cases of nodular cirrhosis 
were described in a total of 178 cases of non- 
fatal viral hepatitis. A higher incidence has been 
reported from the epidemics in Scandinavia™ 
although Havens'*® pointed out the possible 
importance of case selection in this group. 
Koszalka*! followed up 100 patients with 
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Fic. 5. Case vm (J-37). Eight weeks after onset of acute hepatitis showing focal 
necrosis, lymphocytic and fatty metamorphosis. 


infectious hepatitis and described the develop- 
ment of portal cirrhosis on serial biopsy in two 
cases. The interval between biopsies in these 
patients was only three to four weeks and neither 
the time interval nor the clinical data provided 
convincing support for the development of true 
cirrhosis. As discussed hereafter the possibility 
that the areas biopsied were not comparable or 
that the lesions found were not representative 
of the liver as a whole must be considered.”* 
Several instances of early “‘postnecrotic scar- 
ring’”’ were found in the group biopsied because 
of prolonged and/or severe disease. These 
changes were present as early as three weeks 
after the onset of the first symptoms of hepatitis. 
In two patients subjected to repeat biopsy 
(Table vim, Cases J-29 and J-58) comparison 
of the serial change deserves special attention. 
The initial biopsy in each case (six and eighteen 
weeks after onset of hepatitis, respectively) 
revealed postnecrotic scarring. The second 
biopsy in each case (six and fifteen weeks, 
respectively, after the initial biopsy) showed 
diminution in the amount of scarring. One 
assumes that in dealing with a diffuse hepatic 
lesion such as infectious hepatitis these specimens 
are comparable, since the same general liver 
area was biopsied. If this is true, it would appear 
that increased fibrous tissue and other changes 
included in ‘“‘postnecrotic scarring’ are not 
necessarily irreversible and therefore may not 
always augur eventual cirrhosis. However, there 
is some indication that other factors are involved. 


Although viral hepatitis is usually a diffuse 
disease, there is some suggestion that even in the 
same area some lobules are more severely 
affected than others. This is especially true in 
non-fatal viral hepatitis. The postnecrotic scar- 
ring present could be irregular in distribution 
and amount. Comparative biopsies then may 
not give a true picture of the changes at various 
intervals. Further, it is difficult to determine 
how much of the fibrous tissue seen represents 
true scarring and how much represents collapse 
of stroma. These questions may be clarified as 
larger numbers of our patients return for repeat 
biopsy. 

Other examples ot the course and disposition 
of patients with prolonged disease or severe 
hepatitis, in which postnecrotic scarring was a 
prominent feature, are illustrated by the follow- 


ing: 

Case vir. (No. J-37.) A white man age 
twenty-two years in whom jaundice developed 
on December 15, 1950, was hospitalized on 
December 27th. He denied any antecedent or 
associated symptoms. Jaundice remained deep 
(total serum bilirubin 23.6 to 19.4 mg. per cent) 
throughout January, 1951, although the patient 
was on bedrest, felt well and had an excellent 
appetite. The liver was enlarged and tender 
during this time. In early February anorexia 
and nausea developed vere with right 
upper quadrant pain and increased hepatic 
tenderness. Jaundice deepened slightly. 

Liver biopsy (Fig. 5) on February 9th re- 
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vealed foci of necrosis, slight fatty metamor- 
phosis and lymphocytic infiltration in the portal 
zones with mild portal fibrosis. 

The patient received vitamin supplements 
and special diet therapy. His symptoms sub- 
sided within seven to ten days and recovery was 
thereafter rapid -and uneventful. By March 1st 
the liver was neither enlarged nor tender and 
both bilirubin and BSP were normal. 

Liver biopsy on March 1st showed a decrease 
in the inflammatory reaction; portal fibrosis was 
, unchanged and there was a slight increase in 
fatty metamorphosis. 

The patient was discharged to limited duty 
for follow-up studies in three months. 

Case 1x. (No. J-40.) This patient was a 
twenty-one year old white man in whom infec- 
tious hepatitis developed in November, 1950. 
Although neither jaundice nor hepatomegaly 
was ever striking, his course was exceedingly 
prolonged and punctuated by episodes of 
anorexia and intermittent dyspepsia. At the 
time of biopsy in February, 1951, the liver was 
not enlarged or tender and there was no spleno- 
megaly or spider nevi. The total serum bilirubin 
was still slightly abnormal (1.5 to 2.3 mg. per 
cent) and the BSP ranged between 13 and 
25 per cent. Radiologic studies of gallbladder 
and gastrointestinal tract were negative. 

Liver biopsy (Fig. 6) on February 16, 1951, 
three months after onset of hepatitis, revealed 
marked portal lymphocytic infiltration, an 
increase in the periportal connective tissue and 
some proliferation of bile ducts. Foci of necrosis 
were observed in the yma. 

Despite the addition of choline and vitamin 
supplements and continued bedrest the clinical 
status remained unchanged. Liver biopsy was 
repeated April 24th and again revealed evidence 
of postnecrotic scarring although the inflamma- 
tory reaction had regressed. 

The patient was evacuated to the United 
States. Follow-up report in June, 1951, indi- 
cated that no significant improvement or 
deterioration had occurred. 

Case x. (No. J-47.) A thirty-five year old 
sergeant first noticed symptoms of hepatitis 
with moderate jaundice in November, 1950. 
The total serum bilirubin was 6.5 mg. per cent 
and fell to 4.7 mg. per cent in the third week of 
illness, at which time the patient felt well and 
seemed to be improving uneventfully. A severe 
relapse occurred about December 8th mani- 
fested by nausea and vomiting, fever of 102° to 
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Fic. 6. Case rx (J-40). Focal necrosis, inflammation 
in portal zone and proliferation of small bile ducts. 


103°r. and rapidly deepening jaundice. The 
liver was markedly enlarged (8 cm. below the 
costal margin) and very tender; the spleen was 
just palpable. There was no ascites or bleeding 
tendency. On December 10th the total serum 
bilirubin was 37.0 mg. per cent and the patient 
had a severe atonic ileus which for several days 
imitated an acute condition of the abdomen. 
He received large amounts of parenteral glucose 
and vitamin supplements. Hepatic coma seemed 
imminent but after a week improvement began 
and was thereafter steady. By mid-January, 
1951, two months after onset of hepatitis and 
five weeks after the relapse, the bilirubin and 
BSP were normal and the patient was entirely 
asymptomatic, exhibiting an excellent appetite 
and progressive gain in weight. 

At the time of biopsy on February 9th the 

liver was still palpable 3 cm. below the costal 
margin, with a firm, non-tender edge. There 
were no spider angiomas, splenomegaly or 
dilated abdominal veins. All liver function tests 
had remained normal after three weeks of full 
ambulation and one week of mess hall and pass 
privileges. 
Liver biopsy (Fig. 7) twelve weeks after onset 
revealed extensive hepatic damage which in- 
cluded fatty metamorphosis, periportal fibrosis 
and increased numbers of small bile ducts. 

The patient was discharged to limited duty. 
He has not yet returned for re-evaluation. 

Comment. This case illustrates the finding of 
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Fic. 7. Case x (J-47). Biopsy twelve weeks after onset of hepatitis showing 
fibrosis in portal area, inflammatory reaction and an increase in bile ducts. 
Fatty metamorphosis is not prominent in this area. 


extensive changes on liver biopsy at a time when 
“clinical” recovery seemed complete except for 
residual hepatomegaly. 

Liver biopsy in these three cases showed 
_ evidence of persistent severe damage although 
the patients differed in the course of their illness 
and in clinical findings. Case vim had a chronic 
illness with persistently abnormal physical 
findings during which he had an exacerbation 
of his symptoms. Case 1x had a chronic but not 
particularly severe illness. Case x had a course 
only slightly prolonged over the average but 
punctuated by severe relapse. 

Recurrences (“‘Relapses”). Seven patients with 
hepatitis seen during the period covered by this 
report were considered to have had relapses or 
exacerbation of their illness. In four cases 
(including Cases vi and x) episodes of in- 
creasing jaundice and anorexia occurred during 
the course of their disease. The other three 
patients had recurrences of anorexia and other 
gastrointestinal symptoms, biliuria and jaundice 
after apparently complete recovery from the 
initial attack three to twelve weeks following 
discharge from the hospital. 

Liver biopsy performed two to eight weeks 
after onset of the initial attack in three of the 
four patients with exacerbation of symptoms 
revealed the usual changes of “‘active hepatitis” 
with focal necrosis and cellular infiltration. The 
fourth of these patients (Case x) showed post- 
necrotic scarring and fatty metamorphosis after 


recovery from the relapse. (Fig. 7). One patient 
(Case vit) showed inflammatory changes at the 
time of relapse, and on rebiopsy three weeks 
after the relapse, an increase in fibrous tissue. 

The three patients with late relapses had been 
entirely asymptomatic at time of discharge after 
an apparently rapid and uneventful recovery. 
Physical findings and laboratory tests had 
remained normal during a three-week period of 
progressive activity and physical reconditioning. 
They were readmitted three to twelve weeks 
after discharge with recurrence of symptoms. 
Physical examination showed tender hepato- 
megaly in all three patients and splenomegaly 
in one. None had spider angiomas or other sug- 
gestions of chronicity. Liver biopsy in all three 
cases revealed focal necrosis and portal inflam- 
matory changes but no fibrosis, bile duct pro- 
liferation or fatty metamorphosis. All three 
patients recovered from this second episode 
within three to six weeks, with no residual ab- 
normalities on physical examination or by 
laboratory tests of liver function. 


SUMMARY 


Eighty-four liver biopsies were performed in 
seventy-three patients in an army hospital in 
Japan. During this period 2,351 patients with 
liver disease were hospitalized. Diagnosis and 
the determination of the status of patients with 
prolonged and/or severe disease were the 
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important indications for biopsy. Underlying 
these indications was the necessity for deter- 
mining the military disposition of these patients. 
In these problem cases liver biopsy proved to 
be of considerable value in reaching a decision. 

No untoward incidents occurred in any of the 
patients who had liver biopsy. The technic is 
described. 

The occurrence of postnecrotic scarring and 
fatty metamorphosis during attacks of viral 
hepatitis is described. Long follow-up studies 
will be required before the significance of these 
changes can be properly evaluated. 
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An Evaluation of Needle Biopsy of the Liver’ 


EDWARD R. CHRISTIAN, M.D. 
New Orleans, Louisiana 


large number of admissions to this 
hospital caused by diseases involving the 
liver have demanded for their proper 
management a tool with greater specificity than 
function tests to aid in establishing diagnoses, in 
determining the effects of treatment and in 
following the progress of disease processes. 
Biopsy was adopted to fill that need. At first 
specimens were obtained by laparotomy; how- 
ever, disadvantages of the method precluded its 
practical application: (1) The suggestion of 
laparotomy alarmed many patients and refusals 
were frequent. (2) Patients in whom biopsy 
was most desirable were often so ill that the 
procedure significantly increased morbidity. 
(3) Trauma incident to exposing the liver in- 
duced parenchymal changes which simulated 
hepatitis. Consequently, that method was re- 
placed by needle biopsy which has proved to 
be a most useful procedure with a gratifying 
degree of simplicity, efficiency and safety. These 
attributes have prompted the submission of this 
report as an encouragement for others to adopt 
the needle biopsy. 


METHOD AND MATERIAL 


A total of 104 biopsies were performed on 
ninety-one patients. Of the 104 one was a fail- 
ure, one resulted in an inadequate specimen, 
one was destrcyed in the staining process and 
one (done for culture purposes) followed an 
initial biopsy so closely that it was not counted. 
In the main part, therefore, the analysis includes 
100 biopsies performed on eighty-nine patients. 
The group consisted of seventy white males, 
eighteen Negro males and one white female. 
All patients selected had historical, clinical or 
laboratory evidence of liver disease; not one was 
thought to have normal liver prior to biopsy. 


Since needle biopsy affords the most satis- 
factory means of deriving benefit from serial 
examinations of liver tissue, each patient was 
approached as one in whom repeated biopsies 
were desirable. Care was taken to dispel pre- 
operative apprehension, to make the procedure 
as painless as possible and to allay postoperative 
discomfort. Of the 104 biopsies sixty-three were 
done without preoperative sedation and forty- 
one were preceded by mild sedation, usually 
with small doses of meperidine hydrochloride 
(demerol). The favorable reputation of the 
procedure, established chiefly through patient- 
to-patient discussion, resulted in few refusals 
of the initial biopsy and in no refusal of subse- 
quent biopsy. 

The Vim-Silverman needle (33g inch) was 
used in all biopsies. Ease of operation was 
facilitated by discarding the obturator and 
inserting the sleeve needle and split cannula as 
a unit. Without exception the site of needle 
insertion was in the right mid-axillary line in 
either the eighth or ninth intercostal space. 
The interspace which offered equal expanses 
of liver dullness caudad and cephalad was 
chosen. The eighth interspace was used in 
thirty-two biopsies; the ninth, in seventy-two 
biopsies. After infiltration of the tissues down 
to and including Glisson’s capsule with 2 per 
cent procaine hydrochloride solution the pro- 
posed needle track was first explored with a 
spinal needle as a precaution against introduc- 
tion of the larger biopsy needle into prohibitive 
structures such as large blood vessels, abscess 
Cavities and adjacent viscera. Biopsy was then 
performed while the patient held his breath in 
expiration. Material thus obtained was studied 
by the Pathology Department of this hospital 
and then reviewed by the Armed Forces Insti- 
tute of Pathology. Diagnoses referred to in 


* From the Medical Service and Research Laboratory, Veterans Administration Hospital, New Orleans, and the 
Department of Medicine, The Tulane University of Louisiana School of Medicine, New Orleans, La. Reviewed in the 
Veterans Administration and published with the approval of the Chief Medical Director. The statements and conclu- 
sions published by the author are the result of his own study and do not necessarily reflect the opinion or policy of the 
Veterans Administration. This work was done in part under a contract between the Veterans Administration and 
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Figure 2 represent the joint opinions of those 
two groups. - 

RESULTS 


Efficiency of the Vim-Silverman Needle. This 
instrument was found to be extremely simple to 


TABLE 1 
EFFICIENCY OF THE VIM-SILVERMAN NEEDLE IN LIVER BIOPSY 

Precmeal No. of No. No. of 
at Biopsy Biopsies | Successful Failures 

1 98 97 1 (Inadequate 

tissue) 

2 5 4 1 (No tissue) 

3 1 1 
Totals 104 102 2 
Per cent ed 98.1 1.9 


operate with the degree of speed required by the 
fact patients were not allowed to breathe during 
the biopsy procedure. The needle had the added 
advantage of causing so little discomfort that 
repeated attempts at biopsy could be made at 
the same site when the first resulted in an in- 
adequate specimen. In our experience the Vim- 
Silverman needle has an over-all efficiency of 
more than 98 per cent as shown in Table 1. 
Complications. - Because biopsy of the liver by 
means of a needle entails puncture of a highly 
vascular organ without the aid of direct vision, 
hemorrhage and damage to adjacent viscera 
are the most feared complications in that order. 
Others to be considered include spreading of 
infection into the pleural and peritoneal cavi- 
ties, damage to the lower lobe of the right lung 


and bile peritonitis resulting when the needle 


track opens a path for bile drainage. In this 
series complications were few and compara- 
tively trivial. They are presented in Table n. 
The forty-six patients who complained of 
pain included even those with minimal symp- 
toms. -The twenty-five patients requiring ano- 
dyne in most instances might have been managed 
without the use of drugs had we not been 
interested in establishing rapport to facilitate 
future biopsies. The patient who experienced 
nausea and vomiting was an aged white man 
who had undergone cholecystotomy years 
previously and was subject to recurrent episodes 
of upper abdominal distress. The patient in 
whom hemorrhage occurred was the only 


Needle Biopsy of the Liver—Christian | 


woman in the series. An uncooperative alco- 
holic, she got out of bed against orders and 
abdominal discomfort developed followed by 
evidence of bleeding the chief manifestations of 
which were pallor, fall in blood pressure and 
decrease in hematocrit. She was transfused with 


TABLE I! 
COMPLICATIONS OF NEEDLE BIOPSY OF LIVER 
Complication No. of Biopsies 
Requiring anodyne........... 2 
Not requiring anodyne........ 21 
Nausea and vomiting........... 1 
Hemorrhage... 1 


1 pint of whole blood after which her condition 
stabilized and she had no further difficulty. 

The infrequent occurrence of serious com- 
plications has made it possible to hospitalize 
subjects, biopsy and discharge them with safety 
in a period of twenty-four hours. 

Effect of Needle Biopsy upon the Liver. In this 
series fourteen patients eventually died and 
underwent autopsy. In all but two the livers 
bore no evidence of the biopsy procedure. In 
one, who died several months after biopsy, there 
were numerous fibrous adhesions between the 
dome of the right lobe and the diaphragm. 
These were, probably, the result of undetected 
subcapsular hemorrhage following biopsy. The 
second patient died five days after biopsy from 
pulmonary embolus secondary to thrombo- 
phlebitis in a lower extremity. At autopsy serial 
sections were taken in the needle track which 
was still demonstrable. Figure 14 is a low power 
photomicrograph of one such section and reveals 
only minimal extravasation of blood. Figure 1B 
is a high power view of the same area and shows 
the invasion of numerous fibroblasts. These 
sections suggest that healing of the needle track 
is prompt and that delayed hemorrhage follow- 
ing biopsy is unlikely. 

Diagnoses Established. For our own purposes 
needle biopsy of the liver has been of greatest 
value in helping to clarify differential diagnoses. 
The vast majority of patients admitted to this 
hospital are men and many of them are in the 
age group when neoplasms are frequent and 
the effects of prolonged dietary indiscretions 
become apparent. In that group biopsy has 
differentiated fatty metamorphosis from portal 
cirrhosis, thereby aiding in establishment of the 
plan for treatment. Not infrequently there have ° 
been patients in whom existence of neoplasms 
could not be ascertained however strongly sug- 
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B, high power view of the same area showing invasion of fibroblasts. 


gested by clinical findings. In several such cases 
biopsy of the liver has demonstrated metastatic 
lesions thereby obviating exploratory surgery. 
Proof of metastatic liver disease, through its 
hopeless prognostic significance, has also served 
to preclude surgical intervention for question- 
able palliative effect. As the number of biopsies 
continues to mount, an increasing group of 
granulomatous lesions secondary to a variety 
of systemic diseases is being accumulated. 
Although not all such cases are reviewed in this 
report, the group to date includes brucellosis, 
tuberculosis, histoplasmosis, sarcoidosis, rheu- 
matoid arthritis and non-specific granulomas 
in cases of fever of undetermined origin. Demon- 
stration of hepatic granulomas has, on a few 
occasions, made possible accurate diagnoses in 
patients with pulmonary lesions, the exact 
nature of which could not be established by 
means of other evidence at hand. 

The diagnoses established in this series of 100 
needle biopsies of the liver are shown in Figure 2. 
Although hemosiderosis is listed as a separate 
diagnosis, it alone has not been regarded as 
evidence of abnormality except in two cases in 
which it was pronounced. Minor pigmentary 
changes such as lipofuscin deposits have not 
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been listed among the pathologic findings, nor 
has evidence of regeneration. 

Admission impressions were confirmed twenty- 
four times and corrected forty-nine times. Pre- 
biopsy impressions were confirmed thirty-eight 
times and corrected thirty-five times. Diagnoses 
established by initial biopsies were affirmed by 
subsequent biopsies in seven cases. A total of 
fifteen biopsies were performed for investiga- 
tional purposes as part of a research project; 
fourteen supplied additional information of 
value in the project and one did not. Of the 100 
biopsies analyzed only two failed to substantiate 
established diagnoses and six failed to be of any 
value in establishing diagnoses. 

Correlation of Biopsy Findings and Clinical Data. 
The chief function of needle biopsy of the liver 
is to establish an accurate diagnosis when that 
has not been possible through the use of clinical 
data. In this series abnormal liver tissue was 
demonstrated eighty-five times and normal 
tissue fifteen times. Figures 3, 4 and 5, respec- 
tively, compare complaints, physical findings and 
results of laboratory studies in those with ab- 
normal tissue and those with normal tissue. 
Cursory review of the graphs emphasizes the 
fallacy in using such data as absolute criteria 
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for diagnosing liver disease. In selecting this 
group of patients, all of whom were thought to 
have abnormal liver tissue on the basis of 
clinical data, we were misled fifteen times. 


CRITICISM OF NEEDLE BIOPSY 


The most outstanding objection to needle 
biopsy is its inability to demonstrate isolated 
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massive hepatic involvement, in whom needle 
biopsy would have demonstrated similar lesions 
regardless of site, were rejected. Each liver was 
‘“‘biopsied” with the Vim-Silverman needle in 
five widely separated areas, i.e., lateral aspect 
and dome of the right lobe, lateral aspect and 
dome of the left lobe and the caudate lobe. 
Specimens thus obtained were assigned secret 


Tomes 
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Fic. 2. Frequency of diagnoses established by needle biopsy of liver. 


or widely separated hepatic lesions such as 
metastatic nodules, primary neoplasms, granu- 
lomas and focal areas of inflammation. This 
criticism is justified by the minute size of the 
specimen when compared with the entire 
organ and by the fact that it is obtainable from 
restricted areas without the aid of direct vision. 
It is thought that this short-coming of the 
procedure is far outweighed by its advantages. 
Moreover, the results of these 100 biopsies sug- 
gest that the objection is more theoretic than 
real. Specifically, fourteen patients subjected to 
biopsy subsequently went to autopsy. In only 
one case did the biopsy and autopsy findings 
fail to agree. In that particular case biopsy had 
been negative but autopsy seventy-nine days 
later revealed metastatic disease of the liver. 

A brief study -to determine the effectiveness 
of needle biopsy in representing the histology of 
the entire organ was undertaken. Ten deceased 
patients were selected at random; those with 


identification and submitted to the pathologist 
for interpretation. As shown in Figure 6 there 
was general agreement between findings in the 
specimens obtained by needle and those estab- 
lished by thorough examination of the entire 
organ. 

Another objection to needle biopsy is that 
specimens so obtained are too small for ade- 
quate histologic studies. To the contrary, we 
have found the specimens obtained by the Vim- 
Silverman needle to be of sufficient quantity to 
allow routinely several staining procedures. 
General architecture has been demonstrated 
by hematoxylin-eosin, tri-chrome and azo- 
carmine preparations. Chemical composition 
has been demonstrated by the GémGri technic 
for alkaline phosphatase, Best’s carmine and 
Hotchkiss technics for polysaccharides, Turn- 
bull’s blue stain for hemosiderin and Sudan 
black and oil red stains for fat. Thus a single 


specimen can supply forty-five to sixty micro- 
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Fic. 5, Results of laboratory studies in patients subjected to needle biopsy of liver. 
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8 
Fic. 6. Comparison of findings in tissue obtained by scattered postmortem needle “biopsies” with those established by autopsy. 
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scopic sections for at least nine staining pro- 
cedures. Furthermore, a portion of the specimen 
can be reserved for culture when in- 
dicated. Specimens obtained by the Vim- 
Silverman needle withstand the aforementioned 
technics, one of which involves freezing, without 
undergoing fragmentation. | 
CASE REPORTS 


Case 1. The patient (No. 21807), a twenty- 
seven year old white male shipping clerk, was 
hospitalized because of pain in the right upper 
quadrant of the abdomen. The symptom was 
first noticed fifteen months prior to admission 
and prompted a visit to the family physician 
who discovered an enlarged liver and Enda- 
moeba histolytica in his stool. He was given a 
course of amebicidal therapy but the pain per- 
sisted as his only complaint. The youth re- 
mained well enough to participate in sports. 
Past history revealed that he had been confined 
to bed for three weeks when he was seven years 
old by an episode of jaundice. 

Physical examination revealed a _ robust 
individual weighing 222 pounds and appearing 
in the best of health. The only noteworthy 
finding was hepatomegaly, the smooth non- 
tender liver extending about 5 inches below the 
right costal margin. 

Laboratory studies were inconclusive. Hemo- 
gram revealed a total leukocyte count of 11,850 
per mm.’; differential was normal with excep- 
tion of 4 per cent eosinophils; hemoglobin was 
13.5 gm. per cent. Bromsulphalein retention at 
forty-five minutes was 18 per cent. Total serum 
cholesterol was 243 mg. per cent; free cho- 
lesterol, 96 mg. per cent; ratio of free cholesterol 
to total, 40 per cent. Numerous other blood 
studies and hepatic function tests were within 
normal limits. Stool examinations for parasites 
and complement fixation for amebiasis were 
negative. Barium enema revealed a lesion in 
the mid-déscending colon which had the ap- 
pearance of an inflammatory, granulomatous 
lesion; however, the possibility of a neoplasm 
could not be excluded. 

Because the exact nature of the colonic lesion 
was not known, needle biopsy of the liver was 
performed and revealed metastatic adeno- 
carcinoma. (Fig. 7.) The patient was then sub- 
jected to resection of the primary lesion to pre- 
vent impending obstruction. Fortunately, an 
end-to-end anastomosis was possible. Recovery 
from surgery was uneventful and the patient 
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lived a comparatively comfortable and active 
life until he died in liver failure five months 
thereafter. 

CasE 1. The patient (No. 22086) was a 
forty-three year old Negro man admitted with 
complaints of tightness across the upper ab- 
domen, night sweats, fatigability and weight 
loss. Symptoms had been present for three 
months. During that period appetite had re- 
mained excellent and there had been no nausea, 
vomiting or change in bowel habits. Years previ- 
ously he had been told that he was “‘phthisic”’ 
as a child. He had malaria as an adult and had 
been in the South Pacific for twenty-nine 
months during World War n. 

Physical examination revealed a well de- 
veloped, rather poorly nourished individual 
who appeared chronically ill. His temperature 
was 104°r. A blowing systolic murmur was 
audible over the entire precordium. The liver 
was generally enlarged and slightly tender; it 
extended about 5 inches below the costal 
margins. The major portion of the entire left 
half of the abdomen was occupied by the 
slightly tender spleen. 

Laboratory studies were of no aid in estab- 
lishing a diagnosis. Briefly, hemogram revealed 
panhematocytopenia and liver function tests 
were compatible with diffuse parenchymal 
damage. Initial x-ray of the chest was negative. 
Numerous examinations of sputum and gastric 
washings were negative for acid-fast bacilli. 

Diagnoses considered included lymphoma, 
Banti’s syndrome, cirrhosis with hepatoma, 
sarcoidosis, tuberculosis and histoplasmosis. 
Needle biopsy of the liver was performed and 
revealed granulomatous hepatitis. One granu- 
loma appeared to be a typical tubercle complete 
with Langhans’ giant cells. (Fig. 8.) On the 
basis of that a diagnosis of miliary tuberculosis 
was made. Culture of the biopsy specimen for 
Mycobacterium tuberculosis was sterile. The 
patient was treated with streptomycin and 
made a dramatic response. His temperature, 
which had been spiking daily to 103°-105°F., 
returned to normal by lysis; the spleen and 
liver diminished in size and there was con- 
siderable improvement in liver function tests. 
Eventually lesions suggesting tuberculous in- 
volvement were demonstrated in some vertebrae 
and, questionably, in one lung. It was thought 
that the massively involved spleen was serving 
as a reservoir of infection and the patient was 
subjected to splenectomy. He died following 
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Fic. 7, Metastatic adenocarcinoma. Fic. 8. Miliary tuberculosis. 


9A 9B 
Fic. 9. A, portal cirrhosis before treatment and B after treatment. 
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postoperative hemorrhage. Autopsy, confined 
to the abdomen, revealed extensive tuberculosis 
of the spleen, liver and lymph nodes. 

Case m. The patient (No. 18555), a 32- 
year-old Negro man, was hospitalized with 
chief complaints of nausea, vomiting and 
cramping lower abdominal pain; symptoms had 
been present for six hours. For a month prior 
to admission he had been aware of anorexia, 
dysuria, urinary frequency and reddish dis- 
coloration of his urine. He had been drinking 
several pints of wine daily to the exclusion of 
adequate food. During a previous period of 
hospitalization a diagnosis of schizophrenia had 
been established. 

Physical examination revealed a well de- 
veloped, poorly nourished individual who 
appeared acutely ill and on the brink of coma. 
His temperature was 104°F.; evidence of dehy- 
drations and malnutrition was pronounced. The 
smooth, slightly tender liver extended about 
5 inches below the right costal margin. A few 
ecchymotic areas were present in one ante- 
cubital space. 

Initial hemogram revealed a normal total 
leukocyte count and differential; hemoglobin 
was 10.5 gm. per cent. There was 3 plus albu- 
minuria; pyuria was marked and a few erythro- 
cytes were present in each high power field. 
Blood urea nitrogen was 60 mg. per cent; plasma 
bicarbonate content was 9 mEq./L. Total 
serum protein was 5.6 gm. per cent with 
2.4 gm. per cent albumin and 3.2 gm. per cent 
globulin. Total serum bilirubin was 8.1 mg. 
per cent; thymol turbidity was 9 units. Other 
liver function tests were within normal limits. 
X-ray of the chest was negative. Electrocardio- 
gram revealed diffuse ischemia. 

A definite diagnosis could not be established 
with ease. Jaundice combined with mental 
symptoms and evidence of cardiorenal involve- 
ment suggested Weil’s disease. Progressive 
anemia, jaundice and reticulocytosis (which 
reached 10 per cent) suggested a hemolytic 
process. Evidence of marked toxicity, high fever, 
hepatomegaly and increasing leukocytosis (the 
total count reached 20,000 per mm.’*) suggested 
liver abscess. Needle biopsy of the liver was 
performed and revealed portal cirrhosis with 
fatty metamorphosis. (Fig. 9a.) Urine cultures 
grew Escherichia coli. The patient responded 
promptly to a regimen which included bed rest, 
parenteral fluids, full liver support and strepto- 
mycin for pyelonephritis. The liver diminished 


DECEMBER, 1952 


in size, jaundice subsided and other hepatic 
function tests improved. Liver biopsy was re- 
peated six weeks after the first and showed im- 
provement. (Fig. 9s.) 

Case 1v. The patient (No. 23396) was a 
fifty-five year old business man hospitalized be- 
cause of angina pectoris and fatigability. 
Symptoms had been present for two years and 
were gradually becoming worse. He also com- 
plained of postprandial epigastric pain and 
belching relieved by antacids and low fat diet. 
During a period of hospitalization two years 
previously a diagnosis of arteriosclerotic heart 
disease had been established. In 1942 the 
patient had an episode of jaundice following 
immunization for yellow fever. Over a fifteen- 
year period he had been accustomed to drinking 
several highballs daily but, allegedly, had dis- 
continued the practice. 

Physical examination revealed a well de- 
veloped individual weighing 165 pounds who 
did not appear ill. Other than palmar erythema 
there was no noteworthy finding. 

Significant laboratory studies were restricted 
to hepatic function tests. Fasting serum lipid 
turbidity was 2,640 mg. per cent. Total serum 
cholesterol was 188 mg. per cent; free cho- 
lesterol, 81 mg. per cent; ratio of free cholesterol 
to total, 43 per cent. Stools contained increased 
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Fic, 11. Histoplasma capsulatum. Fic. 12. Granuloma in sarcoidosis. 


Fic. 13, Fatty metamorphosis, Sbrosis and starting in hepatelenticuler degener- 
ation. 
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Fic. 14. Hemochromatosis (Turnbull’s blue). Fic. 15. Granuloma in brucellosis. 


Fic. 16. Focal inflammatory lesion in amebic _—‘ Fic. 17. Fibrin thrombus; portal vein occluded 
hepatitis. by neoplasm. 
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Fic. 19. Bile thrombi in biliary obstruction. 


Fic. 21. tn Gow 
power view of entire biopsy specimen). 
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Fic. 20. Granuloma in fever of undetermined origin. 
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fat globules and calcium soaps. Fecal uro- 
bilinogen was 221 mg. in twenty-four hours. 
Electrocardiogram revealed diffuse ischemia. 
Gastrointestinal series suggested a small hiatal 
hernia and duodenitis. Gallbladder visualiza- 
tion was normal. Gastric analysis revealed 
moderate hyperacidity; duodenal drainage was 
negative. Basic metabolic rate was minus 3 on 
one occasion and minus 6 on another. 

After hyperlipemia had been demonstrated 
by laboratory studies, consideration was given 
to its cause and possible effect on the patient’s 
coronary atherosclerosis and resultant anginal 
attacks. Needle biopsy of the liver was per- 
formed and revealed marked fatty meta- 
morphosis. (Fig. 10.) The patient was then 
placed on a low fat diet supplemented with 
choline. When discharged six weeks later he had 
not enjoyed appreciable change in his anginal 
attacks; however, his fasting serum lipid 
had decreased from 2,640 to 830 mg. per cent. 

Figures 11 to 22 embody a collection of 
photomicrographs of various lesions demon- 
strated by needle biopsy of the liver. The fre- 
quency of liver disease necessitating biopsy for 
complete study is emphasized by the fact that 
these lesions and many others not illustrated 
were collected over the brief period of eighteen 
months. A few of the lesions shown are from 
cases not included in the text of this paper. 


CONCLUSIONS 


1. Needle biopsy is a practical adjunctive 
procedure in the diagnosis and management of 
liver disease. 

2. Its use is warranted by the frequent in- 
adequacy of clinical and laboratory data in fully 
delineating liver disease. 

3. When performed in the hospital with sen- 
sible precautions it is virtually free from serious 
complication. 

4. The Vim-Silverman needle is simple to 
operate and has an efficiency of, more than 
98 per cent in obtaining adequate tissue 


specimens. 
5. Needle biopsy obviously cannot always 
demonstrate histology of the entire organ; 
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Fic. 22. Leukemia. 


however, its failure to do so appears to be 
infrequent. 

6. Biopsy specimens obtained by the Vim- 
Silverman needle are of sufficient quantity and 
sturdiness to allow numerous staining technics. 

SUMMARY 

The results of 100 needle biopsies of the liver 
accomplished with the Vim-Silverman needle 
are reviewed. Lack of correlation between 
histologic findings and clinical data is demon- 
strated graphically. Criticism of the needle 
biopsy is discussed. Case histories illustrating 
practical application of the procedure and 
photomicrographs of various lesions demon- 
strated by it are presented. 
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Altered Liver Function of Chronic Congestive 
Heart Failure’ 
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LAWRENCE J. “THomas, M.D. and CLAYTON B. ETHRIDGE, M.D. 


Washington, D. C. 


HRONIC congestive heart failure is charac- 
terized by widespread, complex and 
interrelated changes in various func- 
tions of the human body. That the liver is 
involved in these changes has been shown by 
numerous anatomic and physiologic studies.'~'° 
There is, however, little agreement among 
investigators as to the basic mechanisms pro- 
ducing the hepatic alterations. Anoxia, venous 
hypertension, malnutrition and infection, acting 
singly or in combination, have all been sug- 
gested as factors in the pathogenesis of the 
process. The possibility that the hepatic dis- 
turbance may secondarily modify the heart 
failure state remains a matter for speculation. 
In an attempt to appraise responsible mecha- 
nisms and possible functional interrelationships 
between the liver and the cardiocirculatory 
system, in patients with chronic congestive 
heart failure, a series of studies has been under- 
taken. The present report considers the nature 
and severity of liver impairment in the presence 
of cardiac decompensation and as compensa- 
tion is restored. It also provides information 
concerning the role of venous pressure and 
arterial or hepatic hypoxia in determining or 
influencing the hepatic impairment. 
MATERIALS AND METHODS 


The patients studied were from two sources: 
Group 1 from the wards and outpatient service 
of The George Washington University Hospital; 
Group nu, hospitalized patients from the Gal- 
linger Municipal Hospital. Most of the hos- 
pitalized patients were studied shortly after 
admission and some were re-examined serially 
as compensation was restored. In a few in- 
stances observations have been repeated in the 


outpatient clinic over a period of months. Only 
in cases in which the existence of heart failure 
was unequivocal have the data been included. 
The criteria for congestive heart failure were 
those of The New York Heart Association." 
Subjects have been excluded with proven or 
suspected primary liver disease, pulmonary 
infection, diabetes mellitus, hyperthyroidism, 
severe anemia, carcinomatosis or pulmonary 
infarction. 

From seventy-three patients in Group 1 fifty- 
six were found to conform to the criteria 
for unequivocal heart failure; in the absence 
of the complicating conditions enumerated 
previously. In Group 1 there were more than 
100 patients with evidence of heart failure in 
whom liver function studies were performed. 
Forty-nine of these were found to meet the 
requirements for admission to the series. The 
105 patients thus selected provide the basis for 
this report. Serial studies, as compensation was 
restored, were available in thirty patients. 

The liver function tests were performed with 
the patient in the fasting state for from six to 
twelve hours. At the same time the venous 
pressure was measured according to the method 
of Lyons and Burwell’? and a sample of arterial 
blood was obtained for determination of the 
oxygen saturation by the method of Van Slyke 
and Neill.’* In Group 1 in some instances the 
venous pressure was obtained either the day 
before or the day after the liver studies. 

The studies of liver function included brom- 
sulfalein excretion, thymol turbidity, cephalin- 
cholesterol flocculation, serum bilirubin, and 
determination of serum albumin and globulin. 
The bromsulfalein test was performed according 
to Mateer’s modification,‘ using the 5 mg. per 


* From the Department of Medicine, The George Washington University Medical School, Washington, D. C. 
This work was supported by:a research grant from The National Heart Institute, National a 


States Public Health Service. 
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kg. dose. The degree of dye retention was deter- 
mined spectrophotometrically in a sample taken 
at forty-five minutes with retention of 5 per cent 
or more regarded as abnormal. The thymol 
turbidity test was done by Maclagan’s method'® 
using the modification of Shank and Hoagland 
for the spectrophotometer.* The upper limit 
of normal was considered to be four units. The 
cephalin-cholesterol flocculation test was carried 
out according to Neefe’s modification” of the 
procedure of Hanger'* with a reading of 3 or 4 
plus at forty-eight hours considered positive. 
The serum bilirubin level was determined by 
Malloy and Evelyn’s’® modification of the Van 
den Bergh method with 1.0 mg. per cent the 
upper limit of normal. The albumin and globulin 
levels were estimated by the method of Cohn 
and Wolfson* who indicate a normal range of 
6.3 to 8.0 gm. per cent for total protein; 3.9 to 
5.3 for albumin and 1.3 to 3.0 for globulin. In 
four patients hepatic vein catheterization was 
carried out in accordance with the procedure 
outlined by Dexter and associates.** 
RESULTS AND COMMENT 

The etiologic diagnosis of the 105 patients in 
both groups is listed in Table 1. Information 
concerning the duration of heart failure is 


incomplete. However, with few exceptions 
these patients had evidence of cardiac decom- 


795 
entire group at the initial study. Of the 103 
patients whose studies included the bromsulfa- 
lein excretion test, all showed impaired excre- 
tion of the dye except four in whom the degree 
of cardiac decompensation was minimal. Fig- 
ure 1 presents the data on bromsulfalein excre- 


TABLE 1! 
ETIOLOGIC DIAGNOSIS OF THE HEART DISEASE 
IN THE 105 PATIENTS STUDIED 


Etiologic Di Total 
Arteriosclerotic............. 20 13 33 
Hypertensive............... 10 23 33 

unproven..............-- 5 0 5 
Congenital, acyanotic........ 2 1 3 
Cor pulmonale............. 0 2 2 
Undetermined.............. 3 1 4 

56 49 | 105 


tion graphically and indicates the retention 
found at the initial study in each instance. Since 
the tests were usually performed shortly after 
admission the results reflect the height of the 
hepatic functional impairment in most in- 
stances. Generally speaking, but with a few 


TABLE I 
INCIDENCE OF ABNORMALITY OF LIVER FUNCTION IN 105 PATIENTS WITH CONGESTIVE FAILURE 
Group | Group 1 Total 
Liver Function Test Abnormal * Abnormal Abnormal 
Performed Performed Performed 
(No.) (No.) (No.) 

(No.) | (%) (No.) | (%) (No.) | (%) 

Bromsulfalein.................. 55 51 Re 48 48 100 103 99 96.1 
Thymol turbidity............... 49 20 8 44 14 | 31.8 93 34 | 36.5 
Cephalin flocculation........... 40 7 5 48 17 | 35.4 88 24 27.2 
Sefum bilirubin................ 53 14 .4 0 0 0 53 14 26.4 


pensation for at least one month and in the 
majority the process was long-standing and 
recurrent. 
Table 1 shows the incidence of abnormality 
of liver function by the tests employed in the 
* The Coleman Junior model spectrophotometer was 
employed throughout. 
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exceptions, the degree of bromsulfalein retention 
corresponded to the severity of the congestive 
failure. 

Table m shows the relationship of the excre-— 
tion of bromsulfalein to the response to treat- 
ment. Of the thirty patients studied serially 
during hospitalization all but seven showed 
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improvement in dye excretion. The twenty- 

three patients with improved bromsulfalein 

excretion had good response to treatment for 

congestive failure as measured by the usual 

criteria. In six of the seven patients with no 

improvement in liver function the heart failure 
22 
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9 per cent, varying from less than 5 per cent to 
26 per cent. 

Figure 2 presents the relationship between 
the percentage of dye retention and the per- 
centage of arterial oxygen saturation. It is 
apparent that there is a poor correlation between 


% BSP Retention 


Fic. 1. The percentage of bromsulfalein retention in 103 patients with congestive heart 


failure. 
was refractory or partially refractory to treat- 
ment; in one patient with a good therapeutic 
response there was no apparent reason for the 


continued dye retention. The mean of the 
bromsulfalein retention after treatment was 


TABLE 111 
IMPROVEMENT IN BROMSULFALEIN EXCRETION AS RELATED 
TO RESPONSE TO THERAPY FOR CONGESTIVE 
HEART FAILURE 


Mean 
Pa- | psp | BSP 
BSP E After Patient’s Response 
Ther- to Treatment 
(%) (%) 
Improvement...... 23 37.2 9.0 | All satisfactory 
No improvement. . 7 16.1 | 22.1 |5 patients were re- 
fractory to treatment 
1 showed moderate 
improvement; 1 
showed good response 


the bromsulfalein retention and the arterial 
oxygen values. On the other hand, as shown 
in Figure 3, retention of the dye seems to corre- 
late well with the level of venous pressure. 
Serum bilirubin values were obtained in fifty- 
three patients; the level at the initial study was 


abnormal (1.0 mg. per cent or greater) in 


fourteen patients or 26.4 per cent of the group. 
A summary of the serum bilirubin determina- 
tions in relation to the venous pressure in these 
fourteen patients is presented in Table iv. 
Other authors**:!® have reported a higher inci- 
dence of hyperbilirubinemia but have not 
rigorously excluded patients with proven or 
suspected pulmonary infarction as was done 
in our material. 

The total protein, and of 
the serum were determined in fifty-six patients 
(Table v), values for total protein ranging from 
4.5 to 8.0 gm. per cent with a mean of 6.48 for 
total protein, 3.3 for albumin and 3.8 for 
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Fic. 2. The percentage of bromsulfalein retention and the arterial oxygen 
saturation at the initial study in forty-eight patients. 
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Venous Pressure -Mm -NoCi 
Fic. 3. The percentage of bromsulfalein retention and the venous pressure at the 
initial study in seventy patients. * 
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globulin. In thirty-five of fifty-six patients 
(63 per cent) serum albumin levels were lower 
than 3.5 gm. per cent and in three instances 
were under 2.0 gm. per cent. Serum globulin 
levels, on the other hand, tended to be ab- 
normally high with fifteen of the fifty-six 


TABLE IV 
SERUM BILIRUBIN IN RELATION TO VENOUS PRESSURE 
IN FOURTEEN PATIENTS WITH HYPERBILIRUBINEMIA 


Pressure 
Patient mm. NaCl 
Solution Total Direct | Indirect 
C. J. 85 1.1 0.6 0.5 
Jj. B. 130 1.1 0.6 0.5 
J. S. 150 1.1 0.6 0.5 
E. K. 200 1.1 0.5 0.6 
M. K. 210 1.0 0.6 0.4 
H. G. 230 1.1 0.3 0.8 
M. J. 235 1.3 0.6 0.7 
G. J. 250 2.6 0.8 1.8 
L. W. 250 2.1 1.3 0.8 
L. C. 270 1.3 0.8 0.5 
I. L. 290 2.2 0.6 1.6 
W. M. 310 1.2 0.8 0.4 
W. B. 390 1.0 0.5 0.5 
G. S. dln: 1.3 0.8 0.5 
TABLE V 
SERUM, ALBUMIN AND GLOBULIN IN FIFTY-SIX PATIENTS 
Albumi Globuli 
Range in gm. % 
No. of Determinations 
0 to 0.9 0 0 
1.0 to 1.4 2 0 
1.5to 1.9 1 2 
2.0 to 2.4 2 8 
2.5 to 2.9 10 13 
3.0 to 3.4 20 18 
3.5 to 3.9 14 9 
4.0 to 4.4 5 2 
4.510 4.9 2 3 
5.0 to 5.4 0 1 
56 56 


patients (23 per cent) showing levels of 3.5 gm. 
per cent or greater. It was observed that hyper- 
globulinemia was more common in the in- 
dividuals with rheumatic or luetic heart disease. 

Abnormality of the thymol turbidity (Table 
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11) was noted in 36.5 per cent of the entire group. 


The degree of abnormality was moderate in 


most cases, with values ranging from 4.3 to 
11 units. It is of interest to note that while the 
thymol turbidity test gave essentially similar 
results in Groups 1 and un, the cephalin-choles- 


TABLE VI 
RESULTS OF THE DETERMINATION OF BROMSULFALEIN, 
BILIRUBIN AND HEPATIC VEIN AND FEMORAL ARTERY 
BLOOD OXYGEN IN FOUR PATIENTS 


Arterial- 
Arterial | Hepatic 
BSP | Blood | Os O, | Hepatic 
Pa- Diagnosis*| Reten- Bilirubin| Satura- | Satura- ot. 
tient (%) (mg. %)| tion tion oie 
(%) (%) 
(vols. % t) 
1.L. |R.HLD. 25 1.4 94 29 8.2 
L. W. | PE. 34 0.8 93 46 8.4 
L.s. | EHD. 12 0.7 84 50 6.0 
M.J. |H.C.V.D.| 30 1.4 91 44 10.4 


* All patients in chronic heart failure with edema: R.H.D. = rheu- 
tic heart disease; P. E. = pericardial effusion, ? tuberculous; 
E. H. D. = emphysema heart disease, “chronic cor pulmonale”; 
H.C. V. D. = cardiovascular disease 

t Normal value 4.5 + 0.8 vols. %.2" 


terol flocculation test, on the other hand, was 
positive twice as often in the city hospital 
patients (35 per cent) as in the University 
Hospital group (18 per cent). 

The results of the initial determination of the 
arterial oxygen saturation in forty-five patients 
are shown in Figure 4. In twelve the value was 
within the limits of normal, 94 per cent or 
above; in thirty-one, or about three-fourths of 
the patients, the saturation was 90 per cent or 
above. The lowest value observed was 83 per 
cent. These results are in accord with others 
reported,?*:?7 indicating the slight to moderate 
arterial hypoxia which characterizes the con- 
gestive failure state. 

Hepatic vein catheterization was carried out 
in four patients each of whom had long-standing 
cardiac decompensation and moderate to marked 
edema. These subjects were under continuous 
observation for periods of from eight to twenty 
months. In one of these patients, with em- 
physema and chronic cor pulmonale, the 
arterial oxygen saturation was 84 per cent; in 
the three others the oxygen saturation was only 
slightly reduced. However, all four patients 
showed significant reduction in the oxygen 
saturation of the blood sample from the hepatic 
vein as well as clear-cut widening of the arterial- 
hepatic venous oxygen difference. The data are 
summarized in Table v1. 


AMERICAN JOURNAL OF MEDICINE 


q 


Liver Function in Congestive Heart Failure—Evans et al. 


OBSERVATIONS 
The results of the present study are generally in 
agreement with those previously reported.*:*—!° 
Congestive failure is usually associated with 
alterations in the biochemical tests of liver 
function. This is particularly true for the excre- 
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The low serum albumin found in more than 
half of these patients may represent altered liver 
function reflecting disturbed albumin produc- 
tion. Also to be considered, however, is the role 
of reduced protein in the diet, impaired intes- 
tinal absorption of protein, or both. 


LUIS 
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failure. 

tion of bromsulfalein and to a lesser extent in- 
volves a disturbance of bilirubin metabolism. 
In general the flocculation and turbidity tests 
are less frequently altered. Other abnormalities 
reported in the literature, but not searched for 
in this series, include elevated serum alkaline 
phosphatase, '*-** increased urinary urobilinogen 
excretion®.* and decreased blood prothrombin.** 
It is possible that the positive cephalin floccu- 
lation and thymol turbidity tests reflect changes 
in the patient related to the primary disease, 
rather than the congestive failure as such. This 
is suggested by the observation that the results 
obtained with these tests were abnormal more 
often in patients with valvular heart disease 
than in the remainder of the group. Kissane 
and associates,** studyi i 


in those with rheumatic or syphilitic heart 
conditions. It is of interest that hyperglobu- 
linemia was also more frequent in this group 
in the present study. 
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The pathogenesis of the changes in liver func- 
tion continues to be a source of speculation. As 
pointed out in Rich’s classic investigation? the 
hyperbilirubinemia of heart failure is a product 
of diminished excretory capacity and increased 
bilirubin formation. His studies indicated the 
important relationship between anoxemia and 
bilirubin excretion. It was also shown by Rich 
that the anoxemia of anemia in humans and 
that induced in a gas chamber in animals pro- 
duced in the liver either centrilobular atrophy 
or, in severe states, centrilobular necrosis, the 
same histopathologic features that are seen in 
chronic passive congestion. It is evident in our 
data that patients with heart failure have both 
anoxic and stasis anoxia, although the latter 
seems to predominate. Sherlock”* has recently 
suggested that marked venous pressure eleva- 
tion may produce mechanical obstruction of 
the bile canaliculi with regurgitation jaundice. 
Our results would indicate a trend toward higher 
concentrations of serum bilirubin in association 
with the higher levels of venous pressure, al- 
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though none of our subjects showed the degree 
of venous hypertension of Sherlock’s patient. It 
is also evident that the impaired excretion of 
bromsulfalein correlates more accurately with 
the increase in venous pressure. However, it is 
possible that the correlation is artificial as the 
venous pressure elevation may merely reflect the 
severity of the heart failure process. 

The more recent knowledge of the hepatic 
blood flow in man introduces another important 
factor in considering the altered function of the 
liver. In patients with congestive heart failure 
Myers and Hickam?’ have shown that blood 
flow to the liver is altered in proportion to the 
changes in cardiac output. The considerable 
reduction in hepatic flow which may occur 
would modify the interpretation of tests of the 
liver’s excretory capacity. Although our data 
do not permit a quantitative estimate of the 
contribution of reduced hepatic blood flow 
to the altered liver function, the degree of 
bromsulfalein retention generally paralleled 
the severity of the heart failure in the present 
study and fell toward normal as the patients 
responded to treatment. However, in many 


instances significant dye retention persisted 


after cardiac compensation was restored. Ingel- - 


finger** has reported that blood is cleared of from 
10 to 15 per cent of its bromsulfalein content 

minute in normal subjects; while in those 
with cardiac failure the figures range from 6 to 
8 per cent. Blumberg and Schloss® have also 
introduced evidence that cardiac decompensa- 
tion further impairs the pattern of hepatic 
function in patients with primary liver disease. 
A final appraisal of the factor of reduced 
hepatic blood flow must await more precise 
methods. 

Although in this study arterial hypoxia could 
not be quantitatively correlated with the degree 
of impairment of liver function, the oxygen 
content of blood in the hepatic vein is probably 
of greater significance. As shown by our ob- 
servations and those of Myers*’ hypoxia at this 
site is generally present and may be marked. It 
bears emphasis that these studies were con- 
ducted in patients in the resting and fasting 
state. The increased needs of exercise or meta- 
bolic load might well induce critical changes in 
hepatocellular oxidations and metabolism. 

While reduced hepatic blood flow would seem 


important in distorting results obtained with 


excretory tests of liver function, abnormalities 
obtained with other tests of liver function such as 
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serum alkaline phosphatase and urine uro- 
bilinogen would suggest actual hepatic dys- 
function as well. This would be in keeping with 
the histologic changes shown to occur in con- 
gestive failure. The relative importance, in 
producing these changes, of increased venous 
pressure, hypoxia and impaired nutrition due 
to poor intake or absorption remains to be 
determined. Nevertheless, it seems likely that 
there is true hepatocellular dysfunction in the 
presence of congestive heart failure to which 
may be added a factor of reduced blood flow, 
retarding the rate of all hepatic functional 
activities. 

It is pertinent to speculate upon certain of 
these hepatic activities in relation to cardio- 
circulatory failure. The role of the liver would 
be of particular significance in the inactivation 
of antidiuretic factors and steroid hormones, 
since these substances act in regulating water 
and salt metabolism. Studies of patients with 
primary parenchymal liver disease have indi- 
cated higher titers of urinary antidiuretic 
factors during the active illness, with lower 
titers accompanying improvement.*® Similarly 
it has been shown*! that the urine of patients 
with congestive heart failure contains an anti- 
diuretic factor which is not present in control 
subjects. Merrill,*? employing the concentration 
of sodium in sweat as an index of adrenocortical 
activity, found hyperfunction in six of seven 
patients with severe heart failure. In a similar 
group of subjects Parrish** reported increased 
amounts of adrenal corticoids in the urine of 
four of ten patients. Studies in our laboratory* 
have indicated that most patients with heart 
failure and edema have initial eosinopenia 
with the appearance of higher eosinophil levels 
as edema is lost. This evidence for overactivity 
of the adrenal steroids and antidiuretic factors 
might be explained either on the basis of their 
overproduction or their reduced inactivation 
by the liver. If the hepatic impairment of heart 
failure leads to their suboptimal inactivation, 
this mechanism might contribute importantly 
to water and sodium retention. Further studies 

are indicated to evaluate this concept. 


SUMMARY AND CONCLUSIONS 


1. The results of a study of liver function in 
105 selected patients with congestive heart fail- 
ure are presented. The various liver function 
tests were performed at the same time that the 
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venous pressure and arterial oxygen saturation 
were determined. 

2. Impairment of the hepatic excretory 
capacity for bromsulfalein was often marked, 
generally paralleled the severity of the heart 
failure process, usually improved with restora- 
tion of cardiac compensation, but often per- 
sisted at a lesser degree. 

3. Flocculation and turbidity tests were less 
frequently abnormal, the latter usually in 
association with the hyperglobulinemia found 
in some of the patients with rheumatic or 
syphilitic heart disease. 

4. Serum bilirubin concentrations were in- 
creased moderately in about one-fourth of the 
patients, particularly in those with higher levels 
of venous pressure. 

5. The serum albumin was less than 3.5 gm. 
per cent in thirty-five of fifty-six patients; the 
serum globulin was 3.5 gm. per cent or greater 
in fifteen of fifty-six patients. 

6. The arterial oxygen saturation was normal 
in many instances and only slightly to moder- 
ately decreased in most of the patients. In the 
patients so studied hepatic vein hypoxia was 
marked. 

7. The impaired excretion of bromsulfalein 
showed a positive correlation with the height 
of the venous pressure; no significant correlation 
was observed with the degree of arterial oxygen 
unsaturation. 

8. The altered liver physiology is discussed 
from the point of the view of its possible patho- 
genesis and its possible relationship to sodium 
and water metabolism in congestive heart 
failure. 
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Early Roentgen Diagnosis in Massive 
Bleeding from the Upper Gastro- 
intestinal Tract’ 


I. Clinical Evaluation of Safety and Reliability of 
the Method in 123 Patients 
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CHALMERS, M.D., MAx RitTVvo, M.D. and FRANKLIN W. WHITE, M.D. 


Boston, Massachusetts 


ESPITE the value of roentgenology in the 
diagnosis of gastrointestinal tract lesions 
it has not been widely used in the past 

for the emergency diagnosis of the cause of 
massive upper gastrointestinal hemorrhage, 
largely because of the fear of precipitating 
renewed bleeding. Hampton, Schatzki and 
others,'~* however, permitted carefully re- 
stricted examination of selected patients and 
contradicted the prevalent conservatism. At 
the same time they emphasized that emergency 
roentgen diagnosis cannot be used indiscrimi- 
nately. There is need for further clarification 
of its indications, contraindications and com- 
plications, as well as a critical evaluation of its 
diagnostic reliability. These are the objects of 
the present study. 

Emergency roentgen examination of the 
gastrointestinal tract of 123 severely bleeding 
patients was performed. The examination was 
earlier and more complete in almost all cases 
than that recommended by other workers. The 
patients were divided into two groups: Group A 
consisted of the first fifty-two patients examined. 
These were subjected to special attention and 
precautions not regularly available to ward 
patients. They were attended by a large group 
of roentgenologists, surgeons, ward physicians 
and others. Decisions regarding management 
were made in consultation by the several 
specialists. Certain patients were carefully ex- 


cluded from examination. Patients were regu- 
larly accompanied to the x-ray examining room 
by a member of the clinical group. One resident 
roentgenologist (T. P. C.) performed almost all 
of the examinations. After return to the ward 
the patient was again followed closely by various 
members of the team. Group B consisted of the 
last seventy-one patients examined. These 
patients were studied with the object of deter- 
mining the accuracy and safety of the emergency 


‘roentgen method when applied without the 


special supervision afforded patients in Group A. 
They were managed almost entirely by the 
resident staff. Selection of patients was made 
by the ward physician. They were not regularly 
accompanied to the x-ray department by a 
clinician. Eight resident roentgenologists par- 
ticipated in the emergency roentgen examina- 
tions; one roentgenologist (S. E. H.) performed 
forty of the examinations. 

Age and Sex. The ages of the 123 patients 
ranged from thirteen to eighty-eight, averaging 
fifty-four years. One hundred one of the patients 
were male, twenty-two female. 

Severity of Bleeding. All patients manifested 
gross hematemesis or tarry stools or both, and 
were considered medical emergencies at the 
time of admission. Many were admitted in shock. 
Patients with occult bleeding were not included 
in the study. One indication of the degree of 
blood loss suffered may be gained from the 


* From the Thorndike Memorial Laboratory, Second and Fourth Medical Services (Harvard) and the Depart- 
ment of Roentgenology, Boston City Hospital, and the Departments of Medicine and Roentgenology, Harvard Medical 
School, Boston, Mass. This study was supported in part by a grant from the U. S. Public Health Service. 
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lowest hematocrit obtained on the patients. In 
Table 1 it may be seen that of 102 patients on 
whom such information was obtained, fifty or 
approximately one-half had a hematocrit of 
27 per cent or less, and seventeen had values 
below 20. All patients required transfusions. 
TABLE | 
HEMATOCRIT LEVELS 


Lowest Hematocrit Hematocrit at Time of 
220 17 1 
20-27 33 14 
(49%) 15 (13%) 
28-35 45 52 
735 


Tre 


Preparation for Emergency Gastrointestinal X-ray 
Examination. With few exceptions, the patients 
were prepared for examination in the routine 
manner. All oral intake was stopped for a period 
of eight to twelve hours prior to the scheduled 
examination. Transfusion was vigorously insti- 
tuted with the aim of raising the patient’s 
hematocrit to 28 or higher before sending him 
to the examining room. (Table 1.) Additional 
blood, typed and crossmatched, was kept in 
readiness on the ward for prompt use if needed. 
The x-ray requisition form was specially marked 
to ensure that the patient would not be handled 
in a routine manner by a roentgenologist una- 
ware of his precarious state. On the morning of 
the examination, prior to leaving for the x-ray 
examining room, the patient was rechecked by 
the house physician for signs of active bleeding; 
in some cases examination was postponed. 

Contraindications to Early Roentgen Examination. 
In addition to the fifty-two patients of Group A 
examined roentgenographically twenty-three 
others admitted during the same period were 
not sent for emergency x-ray examination. They 
- comprised the following groups: 

1. Six patients readmitted with known diag- 
noses of duodenal ulcers confirmed previously 
by roentgen examination were not re-examined 
since the present bleeding episodes appeared 
clearly related to these lesions. 

2. Twelve patients were so seriously ill that 
the procedure of roentgen examination was not 
considered safe. Three of these were sent 
promptly to the operating room for emergency 


laparotomy after the diagnosis of bleeding 
esophageal varices had been excluded. Six 
patients with cirrhosis of the liver died without 
recovering sufficiently to permit roentgen ex- 
amination. Despite many transfusions, three other 
patients without cirrhosis died within twenty- 
TABLE II | 
HOSPITAL DAY ON WHICH INITIAL ROENTGEN EXAM— 


INATION WAS PERFORMED 


Hospital Day No. of Patients 
Day of admission 10 
Day after admission 36 
Two days after admission 
Three days after admission 19 
Four to seven days after admission 24 
More than seven days ater 


*These 6 patients were either actively bleeding at the time or 
had been actively bleeding shortly before examination. 


four hours without recovering from shock suffi- 
ciently to permit either x-ray examination or 
surgical intervention. Duodenal ulcers were 
revealed at autopsy as the cause of bleeding in 
two patients; in the third, rupture of the gastric 
mucous membrane was found at the cardio- 
esophageal junction 

3. One hemiplegic patient was unable to 
cooperate sufficiently to permit the procedure. 
Four patients were not examined for various 
other reasons. 

Since the decision for withholding examina- 
tion of patients in group B was made by the 
resident staff, the number of examinations with- 
held during the latter period of the study and 
the reasons therefor are not known. 

Time Interval before Roentgen Examination. With 
the exception of the patients described above, 
all patients were sent to the x-ray. examining 
room as soon as they could be prepared properly. 
Fluoroscopy was usually scheduled for the 
morning after admission. 

Ninety-three of the 123 patients v were ex-, 
amined within three days after admission. 
(Table 1.) Examination of patients in Group A 
was postponed when one or more of the follow- 
ing conditions persisted on the morning of the 


_ scheduled examination: (1) Evidence of active 


bleeding, consisting of gross hematemesis or 
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liquid melena; a solid black stool did not warrant 
delaying the examination; (2) shock of un- 
equivocal degree, manifested by a definite fall 
in blood pressure, unexplained rise in pulse, 
undue pallor or cooling of the skin in patients 
whose blood volume had previously been ade- 
quately compensated by transfusion and fluid 
replacement; (3) temporary inability to co- 
operate, such as that caused by incipient de- 
lirium tremens or hepatic stupor. When delayed 
for such reasons the examination was rescheduled 
for the following morning. 

Three patients were sent back to the wards 
from the x-ray department without examina- 
tion: one patient who passed a large bloody 
stool on arrival at the department, another who 
arrived in frank shock, and a severe alcoholic pa- 
tient who experienced a sudden convulsive sei- 
zure at the beginning of the roentgen examination. 

The Roentgenoscopic Examination.* At the be- 
ginning of the study an attempt was made to 
adjust the examination to the patient’s clinical 
condition. Accordingly, in the early cases the 
roentgenologist proceeded slowly and cauti- 
ously. The clinician was alert for the earliest 
sign of renewed bleeding. The patient was per- 
mitted a minimum of active movement and the 
examiner and attendants substituted passive 
activity whenever possible. He was lifted on 
and off the examining table if necessary. The 
patients were carefully turned from the supine 
into the prone and various oblique positions. 
Three patients in Group A were considered too 
ill to stand and were examined only in the 
recumbent position without abdominal palpa- 
tion or pressure. (Table 11.) The forty-nine re- 
maining patients were able to stand and the 
studies were begun with the patient erect and 
were continued in the supine, prone and oblique 
positions. Manual pressure was applied to the 
abdomen of forty-four of the forty-nine patients. 
Palpation was carried out gently with the 
gloved hand; excessive pressure or the sudden 
application of marked force was avoided. In 
addition to the above procedures the pressure 
cone was applied to the remaining five patients 
in order to define further questionable areas. 
In almost every instance the examination in- 
cluded the duodenal bulb and loop, and the 
upper jejunum as well as the esophagus and 


* Details concerning the nature of the barium mix- 
tures utilized and other technical of the roent- 


procedure will be published in subscquent 
paper. 
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stomach. During the fluoroscopic examination 
many spot films were made. Following fluoros- 
copy routine roentgenograms were taken. After 
the examination the patient was returned 
promptly to the ward. Six-hour and twenty-four- 
hour post-examination films were not taken 
routinely. 
TABLE 
EXTENT OF INITIAL ROENTGEN EXAMINATION 


No. of No. of No. of 
Extent Patients Patients Patients 
Complete examination performed 5 38 43 
Pressure cone* studies omitted only 44 3 47 
Examination in standing position 
omitted only 0 3 3 
Both pressure cone* studies and 
standing t 7 10 
Examination unsatisfoctory for 
other reasons 4 4 
Extent of examination unknown? 0 16 16 


*Gentle manual pressure was applied in almost every instance . 
tanual pressure and abdominal palpation also omitted . 

tie may be assumed thet most of these were essentially complete 
examinations . 


During the initial study the relative safety 
of the procedure became apparent, and in 
thirty-eight patients of Group B a.complete 
roentgenoscopic examination was performed 
which included routine use of the pressure cone. 
(Table m1.) In thirteen instances the examina- 
tion was complete with the exception of the 
application of pressure and/or the use of the 
erect position. In sixteen patients no record was 
made of the completeness of the examination 
although it may be assumed that most of these 
were complete examinations. The examination 
of four patients in Group B was unsatisfactory 
for various reasons. 

Follow-up Examinations. (Tables tv and v.) 
In order to evaluate the accuracy of the emer- 
gency roentgen examinations, it was planned 
that at least one follow-up examination be per- 
formed on all patients. Subsequent examinations 
were omitted in sixteen instances in Group A 
and in eleven instances in Group B. Five 
diagnostic methods were utilized for follow-up 
studies on ninety-six patients (thirty-six in 
Group A, sixty in Group B). These consisted of 
roentgen examination, gastroscopy, esophagos- 


Total 
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copy and gross and microscopic examination 
of lesions seen at operation or at postmortem 
examination. About one-half of the patients 
who had follow-up examinations were ex- 
amined by more than one method. Twenty- 
nine of the patients eventually came to surgery. 


TABLE iV 
PATIENTS EXAMINED BY EACH FOLLOW-UP PROCEDURE 


gastroscopy + surgery + autopsy 


x=fay + esophagoscopy + 
gostroscopy 


3. No follow-up examination 27 
Tool 


Final Diagnoses. The final diagnoses achieved 
after completion of all examinations on the 123 
patients are listed in Tables vi and vu. A total 


of 189 findings were made on 116 patients. 
(Table v1.) A single lesion was diagnosed in 
sixty-three patients (Table v1) and multiple 
lesions in fifty-three patients. (Table vu.) The 
most common lesions consisted of duodenal 
ulcer (diagnosed sixty-nine times), gastritis 
TABLE VI 
SUMMARY OF FINAL DIAGNOSES IN 116 PATIENTS* 


No. of Patients in Whom the 


Total No. of 
Final Multiple Times Finding 


Duodenal ulcer 31 st 


i 


1 
1 
Multiple myelomo 1 
Choriocarcinoma of jejunum 0 

*No diagnostic findings noted in 7 patients. 
tone patient had 5 duodenal uicers (4 healed and | active). 

Two other patients diagnosed initially es duodenitis developed well 


defined ulcer craters subsequently . 
Stwo in one patient . 


(forty times) and gastric ulcer (twenty-six 
times). Esophageal varices were proven in five 
patients, gastric cancer in three patients. Two 
patients had marginal ulcers and three patients 
had findings consistent with duodenitis. Hiatus 
hernias and duodenal diverticula, usually con- 
sidered incidental findings, were noted twenty 
and thirteen times, respectively. The sole finding 
of hiatus hernia in one patient, minimal gastritis 
in a second, duodenal diverticulum in two 
others, and both hiatus hernia and duodenal 
diverticulum in two others, and both hiatus 
hernia and duodenal diverticulum in a fifth 
were considered as questionable or unlikely 
causes for bleeding. No further studies were 
available in four of these patients. No final 
diagnosis was established in seven other patients. 
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examination 62 
P) aad Gastric ulcer 12 14 26 
Sungery 29 ost 
Esophogoscopy 9 Gastritis 5 35 40 
Autopsy 6 Esophageal varices 2 3 5 
Gastric cancer (ulcer) 3 0 3 
TABLE V 
Stomal ulcer 0 2 2 
FOLLOW-UP EXAMINATIONS 
Duodenitis 2 3¢ 
1. Single method used for follow-up 
Gestric diverticulum 0 2 2 
Undefined esophageal lesion 1 0 1 
x-ray 24 (28 exoms) 
Cancer head of pancreas with a 
gostroscopy 14 
esophagoscopy 1 
surgery 9 
autopsy 
2. More than one method used 47 
x-ray + gastroscopy 21 
x-ray + gastroscopy + surgery 5 
x-fay + esophagoscopy 3 
“esophagoscopy + outopsy 2 
x-fay + esophagoscopy + surgery 
+ autopsy 
surgery + gastroscopy 5 
sungety + esophagoscopy 1 
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Six of these were incompletely studied, some 
ing further studies, others leaving the 
hospital against advice. No cause for bleeding 
was found in the seventh patient despite ex- 
tensive study at this hospital as well as at numer- 
ous other hospitals for repeated episodes of 
| TABLE Vil 
PATIENTS WITH MULTIPLE FINAL DIAGNOSES 


Diagnoses 
G.U.*+D.U 

G.U. +D.U. + 

G.U. +D.U. + gastritis + H.H.* 

G.U. +D.U. + gastritis + D.Div.§ 

G.U. +D.U. +H.H. 
Gastric ulcer + gastritis 
Gestric ulcer + hiatus hemia 
Duodenal vicer + gostritis 
Duodenal ulcer + gastritis + hictus hemie 
Duodenal ulcer + hictus hemic 


Dvodenel vicer + duodenal diverticulum + gastric 
diverticulum 


No. of 
Potients 
7 


Ovodenal uicer + duodenal diverticulum 3 
Duodenal vicer + gostric diverticulum 1 


Duodenal ulcers (I octive crater, 4 healed) + metastatic 
choriocarcinome to jejunum (2 nodules) 


Marginal ulcer, duodenal ulcer deformity + duodenal 
diverticulum 


Marginal ulcer + hietus hemia 
diverticulum 


Esoghagee! verices + gastritis 
Esophagea! vorices + hiatus hemia 
Gestritis + hiatus 
Gastritis + duodenal diverticulum 

Geatritis + hiatus hemie + duodenal diverticulum 
Gastritis + duodenitis 

Gestritis + hictus hemie + duodenitis 

Hietus hemia + duodenal diverticulum 


"Gastric thietus 
ulcer; ulcer; hemia; 


bleeding extending over severe 


Reliability of Imtial Roentgen Examination. 
(Table vin.) The initial roentgen diagnoses of 
ninety-two patients were correct. Since the 
initial roentgen findings of twenty of these were 
unequivocal and consistent with the clinical 
findings, repeat studies were not performed. 
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The diagnoses of the remaining seventy-two 
cases were confirmed by one or more means. 

Diagnostic errors were made at the initial 
roentgen examination of seven patients. (Table 
1x.) Two ulcers, one gastric and one duodenal, 
were not visualized. Another unsuspected gastric 

TABLE VItt 
RELIABILITY OF INITIAL ROENTGEN EXAMINATION 


1. initial roentgen diagnosis 
4 51 972 
2. Initial roentgen diagnosis 
correct; additional findings 
subsequently 0 6 6 
3. Initial roentgen diagnosis 
8 
4. No satishectory roentgen 
diagnosis made 5 6 W 
“includes 7 shown to heve 
gastritis and 5 others correctly diagnosed on 
roentgen examination . 


Diagnosis 
Group Finally Made _ Exemination 
1. 8 vicer missed Gestroscopy 
und x-ray patient unable 
to cooperate or 
stand at emer- 
gency examination 
2. 8 $Ovedencl vicer mised X-ray Unsatisfactory; 
same 
missed bleeding; in des- 
perate condition 
4. Incorrect diagnosis of X-ray ond Incomplete; 84 yea 
esophagee! verices made esophagoscopy old man; poor 
initielly cooperation 
5S. 8 $Gseghagec! varices missed; Esophagescepy Unsatisfactory, 
hiatus hernie diegnosed and evtopey despite complete 
correctly examination; po- 
tient in marginal 
thock 
6. $$Prepyleric uvicer mined; X-ray Complete 
original diagnosis “ervre! 
7. 8 


i 


ulcer was discovered at laparotomy undertaken 
for a duodenal ulcer, erroneously diagnosed. 
Two patients diagnosed originally as “antral 
gastritis” proved on subsequent examination to 
have prepyloric ulcers. One incorrect diagnosis 
of esophageal varices was made at initial ex- 


j 
Grovp A Group 8 = Total 
No. of No. of No. of 
Patients Patients Patients 
2 
2 
TABLE IX 
INACCURATE EMERGENCY ROENTGEN DIAGNOSES 
Total 
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amination, and in another patient varices 
were missed. 

Seven patients proved to have gastritis at 
subsequent gastroscopic examination (six pa- 
tients) and at operation (one patient) not diag- 
nosed at initial roentgen examination. (Table 


TABLE x 
CASES OF GASTRITIS DIAGNOSED SUBSEQUENT TO INITIAL 
ROENTGEN EXAMINATION 


Atrophic gastritis Geastroscopy incomplete; no 
pressure or 
stonding 

Atrophic gastritis Gestroscopy Incomplete; no 
pressure or 
standing 

3. A Superficial hemorrhagic Gestroscopy incomplete; no 
gastritis pressure or 

standing 

4. A gastritis with Gastroscopy Incomplete 
large superficial ulcero- 
tion of gastric mucous 
membrane just below esoph- 

@ gus (adjecent to hiatus 
hernia seen ot x-r0-’) 

5. 8B gostritis; Gastroscopy ? Patient bleed- 
hiatus hernia diagnosed ing when sent 
correctly at initial to x-rey 
roentgen examination 

6. 8B Antral gastritis; hiatus Gestroscopy Complete 
hernia diagnosed ond x-ray 

R-:% Chronic gas- Surgery and Incomplete 
tritis; hiatus hernia and gas- 
duodenal diverticulum troscopy not 
diagnosed correctly done 


x.) Subsequent examination of six other patients 
not only confirmed the presence of the initial 
roentgen diagnosis (duodenal ulcer four cases, 
and gastritis two cases) but also revealed addi- 
tional findings (Table x1), including duodenal 
ulcers in three patients, esophageal varices, 
hemorrhagic atrophic gastritis and a small 
gastric ulcer, respectively, in the other three. 

The initial roentgen diagnosis was confirmed 
in twenty-seven of the twenty-nine patients who 
were operated upon, either as emergency or as 
elective procedures. (Patient No. 3 Table 1x, 
and patient No. 7 Table x.) 

In one case of advanced carcinoma of the 
fundus of the stomach the _ roentgenologist 
initially was not able to exclude the possibility 
of clotted blood simulating neoplasm. When 
the defect remained constant at subsequent 
roentgen examination, however, the diagnosis 
was confirmed and finally proven at operation. 


Rapid Healing of Peptic Ulcers. Five well 
defined gastric ulcers healed rapidly. Three of 
these, clearly visualized on the day after admis- 
sion to the hospital, and confirmed gastro- 
scopically, were roentgenologically invisible 
seven, ten and fourteen days after admission. 
A fourth ulcer, 2 cm. in width and 1 cm. deep, 
diminished in size rapidly and was entirely 
healed at operation approximately thirty days 
after the initial x-ray. The fifth was completely 
healed at operation three weeks after the initial 
examination. Two duodenal ulcers showed 
complete disappearance on repeat roentgen 
study performed seven and nine days after the 
initial examinations. 

Relation between Completeness of Examination and 
Reliability of Diagnosis. Only two of the seven 
cases (Table 1x) erroneously diagnosed at 
initial roentgen examination were examined 
completely. Both of these cases, called initially 
“antral gastritis,’ proved on later roentgen 
examination to have prepyloric ulcers. Subse- 
quent complete roentgen examination revealed 
the correct lesions in three other patients. Only 
one of the seven gastritis cases overlooked at 
initial roentgen examination were examined 
completely at that time. (Table x.) It is of 
interest that all three cases misdiagnosed despite 
complete examinations had lesions of the gastric 
antrum. 

Seventeen examinations in Group B were 
considered unsatisfactory for one or more 
reasons. (Table xu.) Incomplete examinations 
were performed on thirteen patients, i.e., pres- 
sure studies and/or examination in the standing 
position were omitted. (Table m1.) Four of these 
patients were not able to cooperate sufficiently. 
The presence of “retained secretions” in the 
stomach prevented adequate examination of 
two other patients. The stomach of one patient 
emptied so rapidly that an overlying loop of 
bowel prevented adequate examination of the 
duodenal cap. One other examination was 
considered unsatisfactory for another unknown 
reason. Six errors were made in this group of 
seventeen patients. No satisfactory diagnosis was 
made in three other patients of this group. Eight 
patients were correctly diagnosed despite the 
incomplete examination. In the thirty-eight 
patients of group B who were examined com- 
pletely and satistactorily, seven errors were 
made and no satisfactory diagnosis was made 
in two instances. From these data it would 
appear that the chances of making an error in 
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diagnosis or of achieving no satisfactory diag- 
nosis were approximately twice as great in the 
incompletely or unsatisfactorily examined group 
as in the group of complete and satisfactory 
examinations. 

Bleeding Following Initial Roentgen Examination. 
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crit or in the pulse or blood pressure to suggest 
renewed bleeding. 

Ten patients showed questionable, insignifi- 
cant or non-serious bleeding after the initial 
examination. In every instance the bleeding 
either bore no direct relationship to the roentgen 


TABLE XI 
ADDITIONAL FINDINGS NOTED ON SUBSEQUENT EXAMINATIONS OF PATIENTS WITH A 
CORRECT INITIAL ROENTGEN DIAGNOSIS 


Initial X-ray Method of Extent of 
Additional Subsequent Initial X-ray 
1 B eee Hemorrhagic Gestroscopy Complete 
atrophic gastritis 
2. 8 Duodenal ulcer Small gastric ulcer; Gastroscopy Incomplete 
not visible on repeat 
complete x-ray 
examination 
3. 8B Gastritis Duodenal uicer Subsequent Unsatisfactory; stomach 
emptied rapidly ond 
overlying jejunel loop 
obscured cap 
Duodenal ulcer Four additional Autopsy Complete 
heoled duodenal! 
ulcers and metastatic 
corcinoma of jejunum 
S$. 8 Duodenal uicer and Esophageo! vorices Esophagoscopy Complete 
hiotus hernio and x-roy 
6. 8B Gastritis, duodenitis Duodenal ulcer X-ray Complete 
and hiatus hernia crater 


(Tables xi and x1v.) One hundred one of the 
123 patients failed to show any evidence of 
continued or renewed bleeding at any time 
TABLE 
RELATION BETWEEN COMPLETENESS OF INITIAL EXAMINATION AND 
RELIABILITY OF FINDINGS (GROUP 8 PATIENTS ONLY) 


initio! Exam. 
Whally or Pasty No Setislectory 
No. of Unreliable Diagnosis 
Examination Patlents® of pts. of pts. Totel 
com- 
plete examine- 
tlens ently) 
17 6 3 9 
plete examine- 
tens) 
*Sixteen patients ere omitted beceves record of the 
extent of examination wes not made 
Tingludes partly correct examinations. 


following the initial roentgen examination: none 
experienced hematemesis; the stool tests for 
blood showed prompt and uniform fall in 
intensity; there was no change in the hemato- 
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examination or was too mild to be of importance 
even if precipitated by the examination. 
Twelve patients showed evidence of severe 


Group A Group _Totel 

Severity of Bleeding No.of No.of No. of 

after Examination Patients Patients Patients 

1. None 101 

2. Nen-serlous or questionable 2 8 10 
bleeding 

3. Severe 3 9 12 


bleeding after roentgen examination, three in 
group A and nine in group B. Eight of these 
were actively bleeding at the time of the ex- 
amination. One patient (No. 9) was bleeding 
so severely that immediate surgery was im- 
perative, and at the request of the surgical 


TABLE 
GASTROINTESTINAL BLEEDING AFTER EMERGENCY 
ROENTGEN EXAMINATION 
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consultant he was sent to the examining room 
within a few hours after admission and ex- 
amined completely, despite his precarious 
condition, in order to identify the site of bleed- 
ing. Seven patients (Nos. 1, 2, 3, 6, 8, 11 and 12) 
had been bleeding continuously and actively 


be attributed unequivocally to the examination. 
Four of these patients died subsequently. One 
patient (No. 12) died in hepatic coma several 
days after examination; another (No. 11) died 
several weeks later of intracranial hemorrhage 
from metastatic choriocarcinoma. The third 


TABLE XIV 
PATIENTS MANIFESTING SEVERE HEMORRHAGE FOLLOWING EARLY ROENTGEN EXAMINATION 


Cese No., Initial Roentgen Examination 
Sex & Evidence of 

1., M, (49)* Patient bled on Mth hospital Incomplete sxamined Diffuse hemorthagic Emergency surgery; 
each of 3 days pricr to exami- day in recumbency only, 
nation; vomited bright without pressure 
blood after retum to word 

2., M, (44) A Bled constantly dey of admission, ODay ofter , examined Antral gastritis Emergency surgery; 
day of examination and follow- admission in recumbency only , and duodenitis recovered 
Ing day pressure 

3., M, (49) A Patient bled continuously for 3 3rd hospitel , examined Gastric ulcer Emergency surgery; 
days prior to examination, and dey in recumbency only, died 10 days ofter 
for 2 days after examination without pressure operation 

4., M, (35) 8 Many bloody stools and 24 hr. after Complete Marked gastritis end Bleeding subsided 
hematemeses, fell in 8.P. and edmission small duodenal vicer spontaneously 

. tise in pulse for 24 hr. ofter end duodenitis 
examination 

5., F, (49) 8 $$Hemotemesis, 700 cc. after Day ofter Complete Antrol gostritis and Bleeding subsided 

tise in pulse with- admission hiotus hemia spontaneously 
out fall in B.P. 

OM, G2) 8 Patient was actively bleeding for 2 days ofter ? Hemorthagic gastritis Bleeding subsided 
2 days prior to x-ray; continued admission and hiatus hemiea spontaneously 
to bleed ofter loose 
bleck stool with dark blood 6 hr 
ofter examination 

7., M, (37) 8 Black stool associated with fall- Day after incomplete, without Gestritis (?ducdencl Surgery 
Ing hematocrit the night ofter edmission mechanicol pressure ulcer - not seen or 
examination; continued to bleed felt ot operation) 
the follewing day 

8., F, 75) B Seventy-five year old woman Moming of ? Eroded artery in Died dey ofter 
bleeding severely when sent to 4th dey duodenal vicer operation 

department; had 
for 4 days in hospital; clini- 
ly diagnosed as concer of 
stomach; taken to operating 
room from x-ray 

9., M, 71) 8 Sent to x-ray day of admission Few hours after Complete Dvedenel vicer Surgery; recovered 
and examined despite arrival in admission 
shock; syncope and rise in pulse 
x-ray; bloody stool efter 
retum to ward 

10., F, (SI) B Red-bleck liquid stools and In ofter Complete Ovodenal uicer Bleeding wsbsided 

F, (44) 8 Patient passed block stools 6 days after Complete 5 ducdencl vicers end Bleeding 
throughout hospitel! stey Includ- edmission metastatic choriccaer- died 2 wk. ofter exam- 
Ing ofter examination cinoma to jejunum; ination of intrecraniol 

(evtopey) hemorrhage from 
metastases 

12., M, (48) 8 $$ Many episodes of hematemesis Ied In severel 
and bleck melene before and after — deys ‘died 
exam. until death; examined 
In marginal shock; pulse elevated; 

B.P. depressed 

“Figures in parentheses represent age . 


right up to the time of the examination, per- 
formed on the second, third (three patients), 
fourth (two patients) and sixth hospital days, 
and the post-examination bleeding could not 


patient (No. 8) died following emergency 
surgery performed for intractable hemorrhage. 
Patient No. 3 died ten days after operation as 
a result of postoperative complications. 
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Five other patients (Nos. 2, 4, 5, 7 and 10) 
who showed unquestionable evidence of bleed- 
ing following the initial roentgen examination 
- were examined within twenty-four hours after 
admission, and the responsibility of the roentgen 
examination for the continued bleeding could 
not be clearly evaluated. 

The princi noted in the twelve 
patients with severe bleeding following roentgen 
examination consisted of duodenal ulcer (three 
patients), gastritis (six patients), esophageal 
varices (one patient) and gastric ulcer (one 
patient). One patient had multiple duodenal 
ulcers and metastatic choriocarcinoma of the 
jejunum. Complete roentgen examination was 
performed on six of the twelve patients, incom- 
plete examination on four. The extent of the 
examination was not described in two patients. 


Importance of Early and Correct Diagnosis. It is 
generally agreed that the mortality in patients 
requiring emergency operations for massive 
hemorrhage rises with increased delay in the 
institution of surgical measures. Prompt, accu- 
rate diagnosis of the cause of bleeding in such 
patients is imperative. Lesions such as esophageal 
varices, which are not remediable by emergency 
surgery, must be excluded. Although massive 
bleeding from hemorrhagic gastritis may con- 
tinue for several days, it usually subsides with 
medical management. Accordingly, most sur- 
geons hesitate to advise operation as freely as 
they do when the hemorrhage is caused by a 
peptic ulcer. Furthermore, the surgical approach 
to the site of bleeding sometimes varies with the 
location of the lesion. The thoracoabdominal or 
transthoracic approach may be preferable, or 
even essential, for certain lesions. Identification 
of the site of bleeding at operation is sometimes 
difficult and valuable time may be lost in time- 
consuming exploratory procedures. Occasion- 
ally, no 
the diagnosis is known prior to operation, the 
duration of operation is shortened. The use of 
minimal amounts of anesthetic agents is par- 
ticularly desirable for patients with liver disease 
who are known to tolerate major operations 


y.3 
Special Dependence of the Physician on Laboratory 
Aids to Diagnosis. At a large city hospital the 
making of an early and*"-** accurate diagnosis 
presents certain difficulties. Massive hemorrhage 
is sometimes the first major symptom of gastroin- 
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testinal disease, and some patients arrive at the 
hospital only after prolonged hemorrhage; some 
are too ill to describe their illness reliably; others 
are poor observers of their symptoms. About 
one-half of the patients admitted to the Boston 
City Hospital because of massive gastrointestinal 
hemorrhage are chronic alcoholics, a fact which 
tends not only to reduce the reliability of the 
clinical history but also adds to the differential 
diagnosis those diseases etiologically related to 
alcoholism, such as esophageal varices and 
gastritis. 

Previous experience has emphasized that the 
separation of patients with ruptured esophageal 
varices from those bleeding from other causes 
is highly unreliable when diagnosis is based on 
clinical grounds alone. Patients with varices 
may have no clinical signs of cirrhosis and 
patients with cirrhosis may bleed from ulcers. 
Accordingly, the bromsulphalein liver function 
test has been used routinely to screen patients 
with serious liver disease from those without 
severe liver disease promptly after admission.?° 
Patients with markedly elevated dye retention 
during bleeding, consistent with the diagnosis of 
cirrhosis, were then further examined for 
esophageal varices. Emergency bedside esopha- 
goscopy was utilized for this purpose in patients 
who were too ill to be moved to the x-ray 
examining room.'! There remained, however, 
the much larger group of patients bleeding from 
lesions other than those of the esophagus. 
Roentgen examination provided the only avail- 
able means for reliable prompt diagnosis. 

Use of Roentgen Examination in Massive Gastro- 
intestinal Hemorrhage. It was customary in the 
past to defer attempts to determine the cause 
of the hemorrhage by the roentgen method until 
the bleeding had subsided or ceased entirely 
and the patient’s condition had improved. Any 
diagnostic procedure or manipulation which 
might increase the bleeding was carefully 
avoided. Roentgen studies, therefore, were of 
very limited usefulness. With the lowered 
mortality attendant on gastric surgery today 
the importance of early diagnosis is greatly en- 
hanced, and recently a trend toward the earlier 
use of roentgen examination has occurred.'~* 
The present studies were designed to provide 
further information concerning the reliability 
of the emergency roentgen examination and 
its safety. 

Reliability of Diagnosis. ‘The initial examina- 
tion proved to be accurate in most of the pa- 
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tients. Some of the erroneous findings were 
unquestionably the result of incomplete or 
unsatisfactory examinations. All participating 
roentgenologists noted an increased proficiency 
in handling this type of patient with added 
experience, and the somewhat better results of 
the first study (Group A) may possibly be at- 
tributed to the fact that a single radiologist 
performed all the examinations. With a co- 
operative patient, adequately prepared: and 
satisfactorily examined, accuracy was greatest. 
Surprisingly, the presence of clotted blood in 
the stomach was rarely encountered and hence 
it was not an obstacle to successful diagnosis. 
Lesions which proved particularly troublesome 
included esophageal varices, gastritis (com- 
monly revealed at subsequent gastroscopy) and 
lesions of the gastric antrum, antral “spasm,” 
“gastritis” or “narrowing.” It has been pointed 
out by several authors that these diagnoses may 
be difficult to establish clearly even in the non- 
bleeding patient. The use of early repeat roent- 
gen examination was often essential for proper 
evaluation of the initial findings. Thus repeat 
examination revealed esophageal varices over- 
looked initially, and antral ulcers which were 
masked initially became apparent at later 
study. Although the roentgen diagnosis of 
gastritis was overlooked in some instances, it 
was made successfully in a surprisingly large 
number of cases. These cases were confirmed 
gastroscopically in almost every instance and 
in three instances pathologically as well. The 
x-ray findings of gastritis tended to disappear 
within a relatively few days, and it is likely that 
the early examination was responsible both for 
the accuracy in achieving the diagnosis as well 
as for the relatively large number of such cases 
diagnosed. 

| Multiple Diagnoses. Multiple lesions were 
described in many patients of the present study. 
In most cases it was not possible to ascertain, 
which of the findings was responsible for the 
bleeding of a given patient. Several factors may 
account for the frequency of multiple diagnoses: 
(1) Early roentgen examination and early repeat 
examination, when indicated, reveal lesions 
which may rapidly heal and not be apparent at 
later examination. Thus seven peptic ulcers in 
this series might easily have been overlooked if 
the roentgen examination had been delayed 
until two or three weeks after admission. (2) The 
use of the complete examination, even after one 
apparent finding is revealed, may uncover addi- 
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tional lesions. (3) The use of other diagnostic 
technics such as esophagoscopy and gastroscopy, 
in addition to the roentgen examination, facili- 
tates diagnosis of lesions difficult to visualize. 
roentgenographically. (4) The high percentage 
of alcoholics found in this hospital may account 
for the frequent diagnosis of gastritis. The roent- 
gen diagnosis of this lesion, considered unre- 
liable by some workers, has been made at this 
clinic with a fair degree of reliability. Gastros- 
copy, however, is essential for confirmation of 
this diagnosis in most instances. Although bleed- 
ing from duodenal diverticulum has been re- 
ported,’ it was not proven to be the cause in 
any case of the present study. One patient bled 
clearly from a superficial ulceration in a hiatus 
hernia. Hiatal hernia bleeding seemed likely in 
a few others. In most cases, however, the hernia 
was an incidental finding. 

Safety of the Emergency Roentgen Examination. 
In no case was the emergency roentgen examina- 
tion clearly responsible for subsequent severe 
bleeding. On the other hand, the possibility that 
early examination exaggerated bleeding or pre- 
cipitated renewed bleeding could not be ex- 
cluded. More patients in Group B than in Group 
A were examined while bleeding actively, and 
more complete examinations were performed 
in:Group B than in Group A. These facts may 
account for the higher incidence of post-exami- 
nation bleeding in Group B. No fatalities could 
be ascribed to the procedure. 

Greater safety could have been ensured by 
postponing examination until all evidence of 
bleeding had subsided, as was done commonly 
in the first group. Strict adherence to this rule, 
however, would have excluded from examina- 
tion those patients who required accurate 
diagnosis most urgently, i.e., those who con- 
tinued to hemorrhage and who were most 
likely to need emergency surgery. Management 
of a patient with serious hemorrhage without 
benefit of exact diagnosis entails a definite risk. 
In a large city hospital this additional risk may 
often exceed the risk of performing the roentgen 
examination. Each patient must be evaluated 
individually. 

The data obtained in the foregoing studies of 
123 patients clearly indicate that emergency 
examination of most patients with massive 
gastrointestinal bleeding is not a hazardous 
procedure when performed under the conditions 
described. At the Boston City Hospital when 
used along with all other methods of diagnosis 
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and management it has proved of unquestion- 
able value. It should be used, however, with a 
clear understanding of its limitations and 
potential dangers. 

SUMMARY AND CONCLUSIONS 


The availability of emergency surgery for the 
management of massive gastrointestinal hemor- 
rhage necessitates prompt and accurate diag- 
nosis of the cause of bleeding. Since diagnosis 
based on clinical grounds alone is often unre- 
liable, particularly among patients in a large 
city hospital, greater reliance must be placed on 
laboratory aids to diagnosis. In order to evalu- 
ate the safety and the accuracy of early roentgen 
examination, 123 patients with massive hemor- 
rhage were studied by this method. 

The initial roentgen examinations were per- 
formed by resident roentgenologists, usually as 
soon after admission as the patients could be 
prepared. Seventy-four were examined within 
two days after admission. The remainder were 
examined within seven days after admission with 
the exception of six patients whose active bleed- 
ing occurred on later days. 

Complete roentgen examinations, including 
application of the pressure cone, were performed 
in forty-three patients. Pressure cone studies 
were omitted in forty-seven patients otherwise 
completely examined. Thirteen patients were 
examined only in recumbency. The extent of 
examination was unknown in sixteen patients. 

Thc results of the emergency roentgen ex- 
amination were compared with subsequent 
roentgen, gastroscopic and esophagoscopic ex- 
aminations. Pathologic examination of tissue 
was afforded by twenty-nine operations and six 
autopsies. 

The final diagnoses achieved included peptic 
ulcer diagnosed ninety-one times, (sixty-five 
duodenal and twenty-six gastric), esophageal 
varices (five times), gastric cancer (three times), 
gastritis (forty times); marginal ulcer (twice) 
and others. Multiple findings were noted on 
fifty-three patients. No satisfactory final diag- 
nosis was made in twelve patients, ten of whom 
were considered inadequately studied. 

The initial roentgen diagnosis was confirmed 
in ninety-two cases. Fourteen erroneous diag- 
noses included the following: one gastric and 
one duodenal ulcer overlooked; three gastric 
ulcers, initially diagnosed as antral gastritis 
(two cases) and duodenal ulcer (one case); one 
unsubstantiated diagnosis of esophageal varices 
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was made, and another case was overlooked at 
the initial examination. The diagnosis of gastri- 
tis, not made at initial roentgen examinations 
of seven patients, was made at subsequent 
gastroscopy (six cases) and surgery (one case). 
Only three of the fourteen cases had complete 
initial roentgen examinations. 

Although twelve patients bled severely at 
some time after returning from the roentgen 
examination, in no instance was it possible to 
establish or to disprove a causal relation between 
the roentgen procedure and the subsequent 
bleeding. Clearly, however, no deaths could be 
attributed to the examination. 

It is concluded that emergency roentgen 
examination of the gastrointestinal tract may 
be performed with reliability, and that more 
extensive examinations may be performed with 
greater safety than was formerly believed possi- 
ble. The use of early repeat roentgen examina- 
tion is recommended as a valuable and safe 
adjunct to the initial roentgen examination. 

Acknowledgment: The results of the present 
study emphasize the advantages of the recent 
trend'*-*° toward the combined management of 
patients with massive hemorrhage. At the Boston 
City Hospital patients with massive hemorrhage 
are admitted to the medical service and the 
services of various specialists are consulted 
promptly and decisions regarding management 
are made jointly. The present study would not 
have been possible without the collaboration of 
the many house physicians, surgeons, esophago- 
scopists, gastroscopists and pathologists. We 
wish to express our gratitude particularly to 
Drs. Max Carter, Charles S. Davidson, Isaac 
R. Jankelson, Steven Maddock, Charles W. 
McClure and Melvin P. Osborne for their pro- 
fessional cooperation, and to Mrs. Audrey 
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the data. 
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Blood Levels after Tracer Doses of Radio- 


active Iodine in the Diagnosis of 
Thyroid Disorders’ 


SOLOMON SILVER, M.D., Mack H. FiesBer, M.D. and STEPHEN B. YOHALEM, M.D. 
New York, New York 


workers' in 1938 of radioactive iodine as 

an “indicator in the study of thyroid 
physiology” numerous attempts have been 
made to apply these isotopes to aid the clinician 
in the diagnosis of thyroid disorders as they are 
seen in his daily practice. That these studies 
have proved valuable is confirmed by the fact 
that observations using I'*! have become routine 
procedures in the clinical and experimental 
study of thyroid function. 

For the most part these studies have had as 
their basis the unique concentrating power of 
the thyroid gland for inorganic iodide so clearly 
demonstrated by David Marine.? It was estab- 
lished very early i in the investigations that the 
increased activity of the hyperplastic, hyper- 
functioning thyroid gland in Graves’ disease 
fixed a larger proportion of a tracer dose of 
radioactive iodine than did the normally 
functioning gland and that the normal gland 
surpassed the hypofunctioning organ in this 
respect. Some observers were not convinced 
that reproducible, significant values could be 
obtained by uptake measurements in vivo be- 
cause of the uncertain spatial relationship be- 
tween the thyroid and the counting tube. They 
therefore preferred to measure the amount of 
the isotope excreted in the urine which could 
be measured with precision and which bore a 
reverse ratio to that fixed by the gland. There 
is no doubt that both of these methods are 
valuable in the diagnosis of hyperthyroidism 
and the number of reports attesting to their 
usefulness is constantly increasing. 

However, every observer who has worked 
with these methods has found inexplicable ex- 
amples of discordant results and has encountered 


988 ot one 


an overlap between the normals and the hyper- 
thyroids that has reduced the value of the 
method in its clinical application. 

Hertz and his co-workers’ realized in 1949 
that a better index of thyroid function could be 
obtained if one could study the conversion of 
the administered inorganic iodide into protein- 
bound iodine because that ‘s the essential func- 
tion of the thyroid gland and, within limits,‘ 
no conversion into protein-Lound iodine in vivo 
occurs except in the presence of functioning 
thyroid tissue. They studied the appearance of 
protein-bound iodine in the plasma of euthy- 
roid and hyperthyroid patients twenty-four 
hours after tracer doses and concluded that 
hyperthyroids showed a tendency toward an 
increased amount of protein-bound I'*' in the 
plasma. These workers were restricted because 
of the low sensitivity of the counting systems 
available at that time and they failed to prolong 
their observations beyond twenty-four hours to 
the time period when significant changes occur. 
In 1949 Clark® repeated these studies but again 
was handicapped by low sensitivity counters 
and had to use large tracer doses (500 to 800 
microcuries) and also terminated his studies at 
twenty-four hours after the tracer dose. They. 
also encountered considerable overlap among 
their hyperthyroid, euthyroid and hypothyroid 
subjects. 

When counters of very high sensitivity such 
as the windowless Q-gas counter became avail- 
able, we began our observations using safe 
tracer doses of 100 microcuries and extending 
the observations for a longer period of time. 
This study is an attempt to resolve some of the 
difficulties previously encountered. 


* From the Physics Laboratory and the Medical Service of the Mount Sinai Hospital, New York, N. Y. The I!*#! used 
in this study was supplied on allocation by the U. S. Atomic Energy Commission. 
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METHODS 


In the first series of observations’ a group of 
thirty controls and twenty-four undoubted 
cases of active hyperthyroidism was selected 
from the wards of the hospital. The controls 
were adult patients of both sexes who presented 
no clinical or laboratory evidences of thyroid 
disease. The hyperthyroids were all obvious 
examples of this disorder with increased basal 
metabolic rates and elevated protein-bound 
blood iodine values and in whom the diagnosis 
was accepted by at least three competent 
clinicians. A tracer dose of 100 microcuries of 
carrier-free I'*! was administered intramuscu- 
larly in a small volume of sterile saline solution. 
Blood samples were drawn at frequent intervals 
and the radioactivity of the whole blood, plasma 
and the washed plasma proteins was determined 
in a Q-gas counter (Model D-42*). For count- 
ing whole blood, 1 ml. of blood was placed in a 
suitable planchette, hemolyzed with saponin, 
to which a drop of 10 per cent NaOH was added. 
The planchettes were air dried and counted. 
Plasma was treated in the same manner but no 
saponin was used. To determine the radio- 
activity of the protein-bound I'*! 1 ml. of 
plasma was added to 2 ml. of 10 per cent tri- 
chloroacetic acid and made up to 15 ml. in a 
centrifuge tube with water. This was mixed and 
centrifuged. The supernatant fluid was removed 
and the precipitate washed twice with 15 ml. 
portions of the diluted trichloroacetic acid. The 
final precipitate was redissolved in 1 M Na2zCO; 
and brought to a final volume of 2 ml. One 
milliliter of this solution was placed in a plan- 
chette, dried as before and counted. Control 
experiments showed that this procedure com- 


pletely removed larger amounts of inorganic 


I'3! than could be encountered in this study. 

A study of these data showed that significant 
results were obtained from forty-eight to ninety- 
six hours after the tracer dose. Therefore, in 
subsequent studies only a single blood sample 
was drawn at seventy-two hours after the tracer 
dose. It was also found that for this determina- 
tion the oral administration of the I'*! was just 
as satisfactory as its parenteral use and this 
simplified procedure was employed. The use of 
a single blood sample and the simplicity of the 
measuring technic make the application of this 
method practical for every day use. 


*Obtainable from the Nuclear Instrument Co., 
Chicago, 
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Our results are recorded as net counts per 
second per milliliter of blood or plasma with a 
correction for decay to the beginning of the 
experiment. Correction for self-absorption has 
not been included but it has been found to be 
reasonably constant and to average 72 per cent 
absorbed for whole blood, 55 per cent for whole 
plasma and 51 per cent for precipitated plasma. 
In plasma there was no significant change in 
self-absorption when the protein concentration 
varied between 7 and 4 per cent. To convert our 
“net counts per second per milliliter” to ab- 
solute values in microcuries the following 
formula can be used: 


Microcuries/ml. = 
100 


corr. net counts/sec’’ X 100 — % self-absorbed 
27,000 


in which 27,000 represents the counts per second 
per microcurie of I'*' using the counter we 
employed. In whole blood one count per second 


per milliliter is equivalent to .00013 microcuries 


RESULTS 


Figure 1 shows the degree of radioactivity in 
1 ml. of whole blood at various times after the 
tracer dose of I'*! administered intramuscu- 
larly. It will be seen that in the euthyroid pa- 
tients there is a steady fall in radioactivity after 
the administration of the I'*'. This is due to the 
fact that the I'*! is being removed from the 
circulation by the thyroid gland and is being 
excreted by the kidneys. Apparently the amount 
of I'*! being returned to the circulation as 
protein-bound I'*! is not sufficient in the euthy- 
roid subjects to interrupt this decline. In the 
hyperthyroid patients, however, a_ striking 
difference is apparent. The levels reached in 
the blood during the first eight hours are some- 
what less than in the controls, probably due to 
the fact that the hyperfunctioning thyroid gland 
is extracting a larger amount of I'*! from the 
circulation. At about the eighth hour a remark- 
able change occurs. The curve of radioactivity 
reverses its direction and begins to ascend and 
reaches a plateau between the forty-eighth and 
ninety-sixth hour. Not only is this so but also 
the curves separate to such a degree that there 
is no overlap and the lowest values for the hyper- 
thyroids exceeded the highest values for the con- 
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trols from the forty-eighth to the ninety-sixth 
hour in this series of fifty-four cases. 

Table 1 demonstrates that the high values at 
forty-eight hours and beyond in the hyperthy- 
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protein-bound (hormone) I'*! were in the 


euthyroid range. 
At this point it was decided to simplify the 
procedure because it became apparent that a 


roid patients are due to the in the _ single blood specimen drawn at seventy-two 
plasma of protein-bound I'*', presumably hours after the tracer dose should give diag- 
sr 
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HOURS AFTER ADMINISTRATION 
Fic. 1. Activity in whole blood after 100 microcuries I '*' without carrier; admin- 
istered intramuscularly. Dots and solid line: hyperthyroids (thirty cases). Circles 
and broken lines: euthyroids (twenty-four cases). Counts are net counts above 
background and calculated for decay to time of administration. The range of 
observed values is indicated for each time period. One count per second is equiva- 


lent to 0.00013 microcuries I'*'. 
secreted into the circulation by the thyroid 
gland. 

There is an obvious additional possible cause 
for high radioactivity of the whole plasma, 
namely, the retention of inorganic I'*! due to 
failure to excrete this substance because of im- 
paired renal function on a renal or “prerenal’’ 
basis. That such a situation actually is en- 
countered can be seen from the data in Table n, 
summarizing results of a study made in a group 
of seven euthyroid patients with impaired renal 
function as manifested by albuminuria, elevated 
blood urea and decreased concentrating power 
of the kidneys. In all of these it could be shown 
the high levels of radioactivity were due to 
retained inorganic I'*! and that the values for 
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nostic information if the total radioactivity of 
1 ml. of plasma and the radioactivity of the 
protein fraction were determined. It was also 
found that the tracer dose could be administered 


TaBLe 1* 
Hours after Injection:| 4 24 48 | 72 | 96 
Euthyroids 
1.6 1.2 1.4 1.6 1.4 
0.6-3 | 1.02 |0.41.8| |0.8-2.2 
Hyperthyroids 
3.0 14.4 22.4 20 .6 22.0 
Range... 1.0-4 | 2.6-73 |5.6-83.4/5.4-73.6|6.0-77.8 


* Counts per second due to protein-bound J181 per ml. of plasma in 
normals and hyperthyroids after 100 microcuries I!** intramuscularly. 
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orally without altering the results at seventy- 
two hours after the tracer dose which remained 
100 microcuries of I'*! without carrier. 

We are able to report on 310 successive 
determinations. As we extended our observa- 
tions, the absence of overlap between the euthy- 

ine 
60+ 


12 


It is apparent that if the count in the whole 
plasma is low, less than 4 per second, the values 
are in the euthyroid range and the determina- 
tion of the protein-bound I'*! is unnecessary as 
it is obviously also less than 4 and therefore falls 
in the same category. However, high values in 


eumproios- 187 cases 


B 123 cases 


7 HOPERTHOROIDS NOT SHOWN 
ON CHART HAD COUNTS FROM 42-73 


Net counts/second/proteins per ml. plasma 
Fic. 2. Values in net counts per second of washed proteins derived from 1 ml. of 
plasma at seventy-two hours after 100 microcuries carrier-free I'*' administered 
orally. Four counts per second is equal to 0.0003 microcuries I'*', 


roid and hyperthyroid patients was no “longer 
absolute; but a diagnostic procedure that gave 
only three aberrant results in 310 patients is 
obviously of adequate specificity. 

In Figure 2 we present the data on the 310 
patients studied. 


TABLE 11 * 
Hours after Injec- 
tion: 4 24 48 72 96 
Whole blood 
a 26.8 17.3 14.0 7.4 5.0 
Range.......... 12.6-44.9] 5. 1-37.0 |2.8-27.2/2.9-20.2/ 0.2-2.6 
Plasma 
53.0 32.4 27.2 13.1 8.7 
Range.......... .4/6. 1-31.910.6-26.3 
Protein-bound Fraction of Plasma 
1.4 1.4 16 | 08 1.6 
Range.......... 1.0-1.8 | 1.0-1.8 | 1.0-2.2/ 0.6-1.4/| 0.8-2.0 


* Counts per second per ml. of whole blood, plasma and protein- 
bound plasma I!*! after 100 microcuries I!*! intramuscularly in euthy- 
roid patients with impaired renal function (7 cases). 


the whole plasma must always be checked by a 
determination of the protein-bound I'*' as 
serious errors will occur unless this precaution 
is taken. The assumption that all the inorganic 
I'3! has been removed from the plasma because 
there is no clinical evidence of renal or “‘pre- 
renal” disease is unjustified by our experience. 
Although. it is true that obvious renal disease 
will give a high value for circulating inorganic 
['%! at seventv-two hours, we have encountered 
similar levels in patients with no obvious renal 
or cardiac disease. The test depends for its 
validity on the concentration of protein-bound 
I'*#! alone and no additional information has 
been obtained by attempting to use the ratio 
of inorganic to protein-bound I[?*!, 

The value of this test, as with all other tests 
of thyroid function using I'*', is destroyed if 
iodine-containing compounds or antithyroid 
drugs such as the thiouracil series have been 
administered. These drugs pervert the very 
mechanism which we are trying to measure, 
namely, the rate of formation and liberation of 
protein-bound (hormonal) iodine. 

On theoretic grounds there is an objection to 
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the premise on which this method is based, 
namely, that we are measuring the rate of 
delivery of thyroid hormone to the circulation. 
It is apparent that we are not labelling the 
entire pool of thyroid hormone but only the 
hormone that is synthesized and liberated after 
the I'*' has been administered. Previously 
stored hormone is not labelled and obviously 
could not be measured by this method. The 
observed results indicate that this objection is 
theoretic rather than real and does not interfere 
with the test because the amount of stored, un- 
labelled hormone in the hyperplastic gland of 
Graves’ disease is usually very small. This is 
certainly true in the typical smooth goiter with 
hyperthyroidism. In toxic nodular goiter it is 
not uncommon to find areas containing signifi- 
cant amounts of colloid. It has always been sus- 
pected that these areas are not highly active 
and radioautograph studies have confirmed 
this view. Because of their relative inactivity 
they apparently do not deliver significant 
amounts of their stored colloid to the circulation 
and do not disturb the diagnostic value of this 
test which has proved equally valuable in the 
diagnosis of hyperthyroidism with smooth or 
nodular goiters. 

These observations do not help to determine 
the exact form in which the thyroid hormone 
circulates. It is now generally accepted that all, 
or practically all, of the normally circulating 
blood iodine is bound to plasma protein in a 
form that resists dialysis and is precipitated by 
the usual protein precipitants. Earlier studies® 
have shown that not only the globulins but also 
the albumin of the plasma are iodinated. More 
recently we*® have confirmed this by electro- 
phoretic studies using tracer technics with I'*'. 


Lebond’® and his associates have shown by — 


paper chromatography using I*' that mono- 
iodotyrosin, di-iodotyrosin and thyroxin nor- 
mally circulate loosely bound to protein but 
can be separated from the protein carrier by 
extraction with butyl alcohol. 


SUMMARY 


A method employing safe tracer doses of I'*! 
and a sensitive windowless counter is described 
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which permits measurement of the total and 
protein-bound radioactivity in 1 ml. of plasma 
seventy-two hours after oral administration of 
the tracer dose. 

The results in a series of 187 euthyroid and 
123 hyperthyroid subjects are presented. In 
these 310 cases only three discordant values 
were encountered, results better than were ob- 
tained with any other test for hyperthyroidism 
employed. 

The method requires the use of a windowless 
counter or counter of similar sensitivity but if 
this is available the technic is simple and specific. 
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Reviews 


Protein Flocculation Reactions’ 


A Physico-chemical Approach 


ABRAHAM SAIFER 
Brooklyn, New York 


HE term “protein flocculation reaction” 

covers a whole series of reactions of pro- 

teins with diverse cationic or anionic 
substances in which a colloidal suspension, 
flocculate or precipitate is formed by certain 
protein fractions and inhibited by others. The 
increasing importance of this field is evidenced 
by the fact that one of the most recent texts of 
protein chemistry, that of Haurowitz,! devotes 
two paragraphs to a description of flocculation 
reactions; and that, for the first time, they have 
been given separate treatment as a group in 
a review article in the Annual Reviews of 
Biochemistry.’ 

It is unfortunate that a field of protein chemis- 
try which has been shown to have such useful 
clinical applications to both diagnosis and 
treatment in disease has received so little atten- 
tion from the biochemical point of view. Ap- 
plication of quantitative biochemical technics 
to the mechanisms of these flocculation reactions 
might well give important information con- 
cerning the functions and origins of the body 
proteins and might have immediate application 
to the study and treatment of certain infectious 
and chronic diseases.* The purpose of this review 
is to collect and correlate the available data in 
order to assess the information now at hand. 


DESCRIPTION OF TYPICAL PROTEIN 
FLOCCULATION REACTIONS 


Three of the most widely used serum protein 
flocculation tests are the cephalin-cholesterol 
flocculation reaction of Hanger,‘ the thymol 
turbidity and flocculation reaction of Maclagan® 
and Neefe,* and the zinc turbidity reaction of 
Kunkel.’ Since each of these tests is somewhat 
different in principle and each is typical of a 
host of other similar flocculation tests, they will 


be discussed in some detail, with only brief 
mention of the other tests which fall in the same 
category. 

Cephalin-cholesterol Flocculation Reaction. The 
cephalin-cholesterol emulsion is prepared by 
the evaporation of an ether solution of cephalin- 
cholesterol from water at 65 to 70°c. and a one- 
sixth reduction in the volume of water by 
evaporation just below the boiling point. One 
milliliter of this emulsion is added to 4 ml. of a 
1:20 dilution of fresh sera with 0.85 per cent 
saline. The mixed contents are allowed to 
stand at room temperature in a dark cabinet for 
twenty-four to forty-eight hours. A saline blank 
and known normal and abnormal sera are run 
simultaneously with each set of unknowns. The 
degree of flocculation is read qualitatively as 
from 0 to 4+ at these time intervals. A reading 
of 1+ or greater at twenty-four hours is con- 
sidered abnormal. 

Thymol Turbidity Test. The thymol reagent 
consists of a saturated solution of thymol in a 
barbiturate buffer at pH 7.6 to 7.7. To 0.1 ml. 
of serum is added 6 ml. of the thymol buffer in a 
colorimeter tube. The contents are mixed and 


_ allowed to stand for thirty minutes. The degree 


of turbidity is read in a photoelectric colorimeter 
at 660 my against thymol buffer as a blank. 
The unknowns are compared against a curve 
of varying BaSO, turbidities and the results 
expressed semi-quantitatively in turbidity units. 
For human sera a value from 0 to 4 Shank- 
Hoagland units* which is equivalent to 0 to 
2 Maclagan units® is considered normal. 

For the thymol flocculation reaction the tubes 
from the thymol turbidity test are allowed to 
stand in a dark cabinet for twenty-four and 
forty-eight hours and the degree of flocculation 
is read qualitatively from 0 to 4 +. 


* From the Biochemistry Department of the Division of Laboratories, Jewish Sanatorium and Hospital for Chronic 
. Diseases, Brooklyn, N. Y. 
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Rinc Flocculation Method. The solution used 
in this procedure contains 24 mg. per L. of 
ZnSQ,.7H,O in barbiturate buffer at pH 7.5. 
To 0.1 ml. of serum is added 6 ml. of the buffered 
ZnSQ, reagent in a colorimeter tube. The con- 
tents are mixed and allowed to stand for thirty 
minutes. The turbidity is read in a photoelectric 
colorimeter at 650 my against the buffered 
ZnSQ, solution as a blank. The turbidity read- 
ings are transferred into units by the use of a 
standard curve similar to the one employed for 
the thymol turbidity test. The normal range for 
this method is from 2 to 12 units. 


OTHER PROTEIN FLOCCULATION REACTIONS 


Category of the Cephalin-cholesterol Flocculation 
Reaction. The cephalin-cholesterol flocculation 
reaction is illustrative of a large number of 
similar reactions employed for detecting changes 
in the protein composition of biologic fluids. 
In these tests a charged colloidal suspension is 
flocculated out of solution by a change in charge 
distribution of the proteins in the fluid being 
tested as compared to those present in normal 
fluid. Examples are the colloidal gold reaction 
of Lange’ for cerebrospinal fluid, which has 
been applied to serum proteins by Gray"! and 
Maclagan;’? the colloidal mastic test of Eman- 
uel!® and the colloidal benzoin test of Guillain, 
both of which have been applied to the sera in 
liver disease by Fischer and Wiltner;'® the 
colloidal scarlet red test of Maizels'* as modi- 
fied by Ducci!’ also gives positive flocculation 
reactions in liver disease. The cephalin-cho- 
lesterol flocculation reaction first applied to sera 
has been modified for use with cerebrospinal 
fluid by Saifer.'* 

Category of the Thymol Turbidity Test. This 
reaction is illustrative of a number of floccula- 
tion reactions in which a turbidity or precipitate 
is formed with organic compounds containing 
phenolic linkages or other acidic, basic or 
strongly polar groups when added to certain 
protein fractions. Included in this category is the 
well known Pandy test for globulin in cerebro- 
spinal fluid which is based upon the reaction of 
a saturated solution of phenol with increased 
globulins. In addition many organic acids, for 
example trichloracetic acid, p-toluene sulfonic 
acid and acetic acid, are routinely employed 
as protein-precipitating agents. 

Polar compounds which produce protein 
precipitation by neutralization of the charged 
field surrounding the colloidal particles would 
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include water, alcohol, acetone, salts and so 
forth. Dilution of the concentrated proteins 
present in biologic fluids by solvents with weak 
polar groups, for example, water, will serve to 
decrease the charge density on the protein 
molecules. In addition to this dilution effect, 
desolvating agents such as alcohol and con- 
centrated salt solutions will convert solvated 
particles into lyophobic systems by removal of 
water from the surface of the protein molecules. 

For example, as shown by Wiseman” and by 


_Dreyfuss”® serum proteins in certain diseases 


can be flocculated simply by the addition of 
water. A similar turbidity test based upon dilu- 
tion of sera with 15 per cent alcohol was pro- 
posed by Love and Mawson”! for jaundiced 
sera. Still another dilution type test was pub- 
lished by Naumann” who employs water 
saturated with CO». Use is made of the well 
known reaction between proteins and _for- 
maldehyde in the formol-gel test of Gaté and . 
Papacostas,** as modified by Wise and Gut- 
man,*‘ in which abnormal sera show increased 
viscosity or gelation under standardized con- 
ditions while normal sera do not. As suggested 
by Gutman”* the formol-gel reaction is not a 
typical protein flocculation reaction but in- 
volves the formation of cross links between 
reactive groups of different protein molecules 


_ by the action of methylene groups derived from 


formaldehyde. Although it is difficult to draw a 
sharp dividing line, such reactions, as well as 
reactions involving protein precipitation with 
concentrated salt solutions, are excluded from 
this discussion of protein flocculation reactions 
in the strict sense of the term. 

In recent months a number of papers have 
appeared in the literature involving the use of 
cationic detergents as protein flocculating 
reagents. Jacox,*® and Jacox and Gale®’ have 
employed the quaternary ammonium salt, 
octab. This reagent reacts with diluted sera at 
pH 6.8 to give turbidities which can be measured 
in a photometer. The reactivity has been found 
to reside in the globulin fraction, is markedly 
increased in many chronic diseases and can be 
used as a convenient method for estimating in- 
flammatory activity during the course of 
rheumatic fever.” A similar protein flocculation 
reaction using a cationic detergent of the 
quaternary ammonium salt type, for example, 
bradasol, has been described in a paper by 
Mayer and Eisman”* and its clinical evaluation 
in cases of malignancy given in a companion 
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the solvation of a particle and the electrical charge of a particle, showing that 
both are important as factors influencing stability. A to E are lyophobic particles 
of which only B and D will exist in stable sols. F to J are lyophilic particles. All 
will be relatively stable as contrasted to the lyophobic series but G and I have two 
factors for stability, solvation and electric charge. Suitable electrolytes in low 
concentration will neutralize or even reverse the . “Desolvating”’ agents 
(e.g., alcohol for water systems) will convert the solvated particles to lyophobic 


systems. (From Gortner and Gortner** after Bungenberg de Jong.) 


paper by Bronfin and his co-workers.** Since 
these reagents are complex organic molecules 
with highly charged polar groups, their inter- 
action with proteins to produce turbidities is 
not surprising. 

Category of the Zinc Flocculation Method. This 
method is basically an interaction of a protein 
with a divalent metal ion, for example, Znt*, 
and is thus illustrative of many similar reactions 
which have been employed in detecting changes 
in the protein composition of sera in disease. 
An example of such flocculation tests is the 
Takata-Ara reaction®® upon which depends the 
reaction of proteins with a colloidal solution of 
mercuric oxides formed from mercuric chloride 
and sodium carbonate. Modifications of this 
reaction have been published by Jezler,*! 
Magath*? and Wayburn and Cherry.** Another 
test based upon the reaction of metallic ions 
with proteins is the cadmium sulfate reaction 
of Wunderly and Wuhrmann*:** which is 
popular in European laboratories. Another 
mercuric salt reaction involves use of Hayem’s 
solution which contains both mercuric chloride 
and sodium sulfate. This test was first described 
by Gros‘ and has been further modified by 
Mandel, Paris and Harris.*? 

Other divalent or trivalent metallic ions 


could be employed in developing similar tests. 


For example, in Kunkel’s original paper on the 


zinc flocculation reaction’ similar data are given 
for copper stilfate solutions. 


MECHANISM OF PROTEIN FLOCCULATION 
REACTIONS 


General 

Most proteins in solution consist of colloidal 
particles from 10 to 1,000 A in size. Most are 
lyophilic and are stabilized both by an electric 
double layer and by solvation in the region of 
the interface with the medium of dispersion. 
Lyophobic colloids, although possessing a lesser 
degree of stability, can also become more stable 
in the presence of a charged field. Neutralization 
of the charged field, particularly by bringing 
the pH to the vicinity of the isoelectric point by 
addition of small amounts of di- or trivalent 
electrolytes, influences only the electrokinetic 
potential on the micelle. Flocculation of 
lyophobic colloids will then take place. The 
addition of larger quantities of electrolytes in- 
fluences the degree of solvation and causes 
flocculation to occur in lyophilic colloids. 

These phenomena are illustrated diagram- 
matically in Figure 1 which is taken from the 
recent text by Gortner and Gortner.** 

Since protein solutions remain stable for long 
periods of time, it must be assumed that the 
forces of repulsion existing between the particles 
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are greater than the forces of attraction, and 
as a result the individual particles never ap- 
proach each other closely enough or do not 
remain together at the point of their closest 
approach. In lyophobic colloid systems it is the 
electrical forces resulting from the existence of 
the double layer of ions in the region of the 
interface that constitute the stabilizing forces 
of repulsion. It is generally assumed that if in 
spite of all repelling forces two lyophobic 
particles should be made to approach each 
other, attracting forces (for example, interfacial 
tension forces, von der Waals-London forces) 
would come into play to hold them together. 
As this process continues, flocculation results. 
It is also generally assumed that the forces which 
in an unstable sol bring about this required close 
approach arise from the kinetic motion of the 
particles. If, then, the maximum kinetic energy 
of approach attainable by any two particles in a 
sol is less than the electrical energy absorbed as 
a result of distortion of their double layers during 
their approach, movement toward each other 
will stop short of the distance at which the 
attracting forces are great enough to maintain 
them in a state of combination strong enough 
to cause permanent coherence. Since most of 
the protein flocculation reactions to be dis- 
cussed in this paper are not due to protein- 
protein interactions but rather due to the inter- 
action of proteins with ions, dyes, emulsions, 
lipids, organic polar groups and so forth, it 
should be emphasized that such interactions 
also occur most readily when the potential 
across the electrical double layer has been 
reduced to a minimum. 

Hardy,* Ellis*® and Powis,*! among others, 
early considered the magnitude of the stability 
factor, and hence the electrical energy involved 
in this process, to be proportional to the electro- 
kinetic potential. 


Helmholtz‘? in 1879 first developed the — 


equation of the electrical double layer from the 
theory of the condenser, as follows: 


1. 


where: 
¢ = potential difference between the layers 
o = charge density on unit area of layer 
d = distance between layers 
D = dielectric constant. of medium existing 
between the layers. 
Gouy“ in 1910 and later Freundlich“ pointed 
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out that d must be variable with electrolyte 
content of the system and that the outer sheet 
of the double layer must be regarded as a diffuse 
layer. d must be interpreted as the distance 
between the “‘fixed’’ layer and a plane con- 
taining the “electrical center of gravity”’ of the 


8 
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(a) 

Fic. 2. Electric double layers: (a) Helmholtz; (4) 
Gouy-Freundlich. A, charges firmly attached to par- 
ticle; Ba, charges in liquid layer; Bb, ions in liquid 
layer firmly attached to ; C, thickness of 
attached layer; D, diffuse ions in movable part of 


liquid. (The particle plus 4b and Bb is the colloidal 
micelle.) (From Hauser. **) 
diffuse layer. The relationship between the 
older Helmholtz electric double layer theory 
and the more modern concepts of Gouy and 
Freundlich is shown graphically in Figure 2, 
taken from a recent paper by Hauser.** In a 
recent review article dealing with modern 
colloid-chemical concepts of the phenomena of 
coagulation Hauser“ points out that in addition 
to the older concepts of charge and solvation as 
stabilizing factors modern theory must take into 
account that ions located at a surface are 
chemically unsaturated as compared with those 
located in the interior. These ions can undergo 
reactions with other ions present in the solvent 
and the ability of these latter ions to undergo 
solvation will determine the stability of a col- 
loid. Many surface phenomena exhibited by 
colloids can also be explained on the basis of 
principles which govern the atomic structure of 
crystals, for example, siliceous matter. 

In the foregoing equation ¢ applies only to a 


given sol at a given temperature. Such factors 


as increased dielectric constant, decrease of 
prs density of sol and decreased distance 
between layers will decrease the electrokinetic 
potential and therefore reduce the stability of 
the sol. However, the process of flocculation is a 
more complex phenomenon than indicated by 
the equation and often produces completely 
divergent results as the various interweaving 
factors come into play and assume greater or 
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lesser importance. Some of these factors are as 
follows: 

Temperature. It is expected that increasing 
the temperature of a colloidal system will serve 
to increase the kinetic energy of the charged 
particles and the possibility of collisions (and 
therefore flocculation) occurring between them. 
In making quantitative studies of the cephalin- 
cholesterol flocculation reaction Saifer** found 
that such was the case but also found that 
flocculation increased at temperatures near 
freezing. This latter effect resulted perhaps from 
increased orientation or polymerization of the 
solvent molecules so as to decrease the distance 
between layers (d) or to increase the number of 
effective collisions. 

pH. The electrokinetic potential does not 
have to drop to zero before the sol becomes un- 
stable; there is a critical pH zone in the vicinity 
of the isoelectric point where the magnitude of 
the potential is not sufficiently great to insure 
indefinite stability. The simplest way to decrease 
charge density (¢) is to bring the pH of the sol 
to the vicinity of the isoelectric point. 

Dilution. Saifer*’ found that, other factors 
remaining constant, the effect of dilution was 
to increase flocculation in the cephalin-cho- 
lesterol flocculation reaction. Since from x-ray 
diffraction studies the protein molecule is be- 
lieved to unfold in more dilute solutions, the 
decreased stability might be due to a marked 
decrease in charge density per unit surface area 
although the actual total number of charged 
groups in the surface may increase with dilu- 
tion. This would explain why most flocculation 
reactions take place best in solutions of low 


ionic strength. 

Changes in Distance between Layers (d). It is 
generally assumed that electrolytes added to 
colloid systems, particularly in the vicinity of 
the isoelectric point, reduce the electric charge 
to near zero and cause the particles to floccu- 
late. However, if the Gouy-Freundlich diffuse 
layer theory .is taken into consideration, the 
energy of the electric field can be altered by a 
change either in the density of the charge or in 
the distance which separates charges of opposite 
sign. The addition of electrolytes more often 
than not causes an increase in charge but causes 
d to decrease so greatly that the electrokinetic 
potential decreases. At a critically low value 
of this potential the colloid flocculates. Gouy 
calculated that a surface in contact with 0.1 N 
NaCl, d = 0.96 muy; for .001 N NaCl, d = 9.6 
my; for pure H;O, d = 1010 my. This would 
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explain why globulins are soluble in dilute 
NaCl, even at pH levels near the isoelectric 
point, due to an increase in charge, but floccu- 
late readily with di- or trivalent ions which 
cause d to decrease markedly. 

It is as a result of such experiments with 
mono- and polyvalent salts that Eilers and 
Korff** have suggested that the factor {?/K 
(where K = 1/d, and d is the thickness of the 
electrical double layer) is a more accurate 
measure of the electrical energy of repulsion 
which determines stability than is ¢ above. 

Dielectric Constant and Desolvation. From the 
foregoing equation it can be seen that reduction 
of the dielectric constant (D) would increase 
the stability of the colloid. Since water is a 
liquid of high dielectric constant, the use of 
almost any other solvent, for example, alcohol, 
dioxane, acetone, should serve to stabilize the 
colloid. Conversely, the addition of amino 
acids, for example, glycine, increases the value 
of (D).** In practice, addition of organic solvents 
generally serves to precipitate protein solutions. 
Since most naturally occurring proteins are 
lyophilic in nature, the explanation for this 
must be sought in the “desolvation” effect of 
these substances on such colloids or in the in- 
creased effectiveness of collisions in media of low 
dielectric constant. Concentrated salt solutions 
containing monovalent cations, for example, 
sodium sulfate, sodium sulfite, also exert their 
precipitating action through such a mechanism. 
This is illustrated in Figure 1. 

Selective Absorption of Ions. Michaelis®® noted 
that such substances as cellulose, collodion and 
hydrocarbons, which have no tendency toward 
dissociation or toward oriented absorption, are 
negatively charged. Michaelis assumed that 
OH ions are more capillary-active than Ht 
ions, so that the surface of the disperse phase 
would have a greater concentration of OH- 
carrying a negative charge. Negatively charged 
ions are, in general, less hydrated than positively 
charged ions, for example, H;+O. Less work is 
required for them to move into the region of the 
interface. Hence non-ionogenic surfaces such as 
cephalin-cholesterol emulsion, dyes, gum mastic 
and colloidal benzoin are usually negatively 
charged in relation to water. 


Relation of Mechanism to Electrophoretic Studies 
| of Protein Fractions 
Even before the advent of the Tiselius electro- 
phoresis apparatus it was recognized by many 
observers that while the albumin-globulin ratio, 
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as determined by the classical salt precipitation 
methods, may remain within normal limits 
changes in both the albumin and globulin frac- 
tions may occur in many diseases. In liver 
diseases, particularly, there is a decrease in the 
albumin fraction together with a marked in- 
crease in the globulin fraction, especially in the 
gamma globulin.* (Fig. 3.) It is in just such 
disorders that positive protein flocculation 
reactions are found. 

The mechanism of a number of the more 
commonly used flocculation reactions has been 
studied by determining which electrophoretic 
fractions are involved in the reaction, either as 
active components or as inhibitors. One of the 
earliest workers using this approach was 
Gray,***4 who performed a series of electro- 
phoretic studies on the sera of all types of liver 
diseases. These studies revealed that the most 
consistent and characteristic alteration of the 
-serum proteins was an increase in the gamma 
globulin, associated with a decrease in albumin. 
Gray™ then studied the effect on the colloidal 
gold reaction of the addition of purified protein 
fractions to normal serum and found that: (1) 
the addition of pure gamma globulin to normal 
blood serum gave a positive colloidal gold 
reaction, (2) alpha and beta fractions had no 
effect and (3) the albumin fraction inhibited the 
colloidal gold reaction. The colloidal gold 
reaction was also studied in this way by Kabat 
and his co-workers®® who obtained similar 
results. Alpha and beta globulins were reported 
by Maclagan and Bunn" to be more inhibitory 
than albumin for this reaction. 

The mechanism of the widely used cephalin- 
cholesterol flocculation reaction of Hanger was 
studied from the electrophoretic viewpoint in 
series of papers by Kabat et al.,®7 Moore and 
co-workers,** Hanger®® and Maclagan and 
Bunn. A positive reaction is attributed to one 
or more of the following conditions: (1) increase 
of gamma globulin in such quantity that the 
normal components of the serum albumin frac- 
tion are unable to inhibit the reaction; accord- 
ing to Hanger®™ this is the case in certain non- 
hepatic disorders; (2) decrease in serum albumin 
concentration below that capable of inhibiting 
the reaction, for example, cirrhosis; (3) decrease 
in flocculation-inhibiting properties of the serum 
albumin fraction due to its chemical modifica- 
tion, as in viral hepatitis according to Hanger. 

Maclagan and Bunn® have shown that the 
gamma globulin fraction obtained from hepatitis 
sera is a more potent flocculating agent than is 
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normal gamma globulin and that alpha and 
beta globulins from hepatitis sera show floccu- 
lating properties. Moore et al.** had previously 
shown that albumin from hepatitis serum had 
less inhibitory power than albumin from normal 
serum: normal serum albumin inhibited floc- 


3A 3B 


Fic. 3. Ascending electrophoretic patterns for normal 

serum (A) and cirrhosis serum (B). The large peak on 

the right is gamma globulin whose concentration in 

this case exceeds that of albumin in the normal serum; 

the area under the albumin peak (at extreme left) is 

approximately equal to all the areas under the various 

globulin peaks added together. (From Kunkel et al.**) 

culation of normal gamma globulin when the 
ratio of albumin to gamma globulin was 20: 1 
whereas hepatitis albumin in this ratio reduced 
the flocculation only from 4+ to 3+. Maclagan 
and Bunn® found that a 100:1 ratio of albumin 
to gamma globulin was required for such inhibi- 
tion. Minor differences in the separation of 
protein components may explain the divergent 
results, as gamma globulin separated at pH 8.5 
(barbital buffer) did not flocculate with the 
cephalin-cholesterol emulsion while that sepa- 
rated at pH 7.4 (phosphate buffer) did. 

The thymol turbidity reaction of Maclagan® 
appears to involve a mechanism fundamentally 
different from that of the cephalin-cholesterol 
flocculation reaction, according to both clini- 
cal**! observations and laboratory*®? observa- 
tions. Maclagan** has implicated a _lipid- 
containing fraction of the serum. Cohen and 
Thompson“ found that the thymol reaction 
precipitates primarily beta globulin from normal 
or hepatitis sera. The major change in electro- 
phoretic pattern of hepatitis serum following 
thymol treatment is a 50 per cent reduction in 
beta globulin as against an average decrease in 
gamma globulin of about 4 per cent. Although 
the removal of beta globulin by thymol is much 
less in normal serum, the precipitate is indis- 
tinguishable by electrophoretic or ultracen- 
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trifugal technics from that of pathologic sera. 
The beta anomaly always disappears after 
thymol addition. Recant et al.*? found no evi- 
dence for the presence of an abnormal lipid and 


suggested that the critical alteration may be 


TABLE 1 (FROM MAcCLAGANn*) 


Serum 
Precipitating Ionic Dilution 
Takata-Ara.......... HgCl: c. 10 0.15 2-16 
Formol gel.......... H.CHO c. 8 0.15 1 
i C.C. emulsion|c. 8 0.12 26 
CdSO, c. 8 0.10 1 
Sharlach red......... Sharlach red jc. 8 0.075 2-8 
Weltmann........... CaCle c. 8|0.02-0.002 51 
Colloidal gold........ Colloidal gold | 7.8 0.01 61 
Thymol............. Thymol 7.8 0.01 61 
ZnSO. 7.5 0.002 61 


non-lipid since ether-extracted serum may be 
resensitized to thymol by addition of lipid only 
in previously positive sera. 

Maclagan®* and Carter and Maclagan*® be- 
lieve the positive thymol turbidity test to be 
associated with changes in the gamma globulin, 
together with changes in the phospholipids. 
Maclagan and Bunn*® report faint turbidity of 
pure gamma globulin to thymol and consider- 
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ent components varies with different sera. 
Development of turbidity is prevented if the 
lipids are kept in solution by the addition of a 
Tween, are extracted with ether or if gamma 
globulin is removed 

The mechanism of the cadmium Sesniiiten 
reaction of Wuhrmann and Wunderly* has been 
studied by the originators.*’ They found that a 
positive cadmium reaction is due chiefly to an 
increase in gamma globulin but also to an 
increased content of alpha globulin and to a 
lesser extent of beta globulin and albumin. 

An excellent summary of the chemical basis 
of the more commonly used flocculation tests 
appeared recently in an article by Maclagan.* 
Table 1 and Table u, reproduced from this 
paper, summarize the chemical and electro- 
phoretic data for these tests. 


MODIFICATION OF PROTEIN FLOCCULATION 
TECHNICS TOWARD A MORE QUANTITATIVE 
APPROACH 


On the basis of the general theoretical con- 
siderations of the protein flocculations and 
particularly because of the application of electro- 
phoretic studies, many investigators began 
working toward a more quantitative approach to 


TABLE 11 (FROM MACLAGAN®**) 


Correlation Diseases 
Test with Total in which 
Precipi Inhibiting Globulin Most Useful 
a and 8 globulin 
Cephalin cholesterol...................... (aB)y Albumin ’ Hepatitis 
Weltmann short......................... aB “3 ? Lung infections 


able increase in turbidity on addition of cephalin 
or lecithin. They found the reaction to be 
inhibited by normal but not by hepatitis 
albumin. Kunkel and Hoagland take an inter- 
mediate view. They find that both lipids and 
abnormal lipid-protein complexes migrating in 


the beta globulin fraction of the sera are — 


‘responsible for a positive test but that the gamma 
globulin fraction of serum also plays an impor- 
tant role. The relative importance of the differ- 


protein flocculation reactions. Instead of visual 
observation of the degree of flocculation or use 
of visual turbidity standards, a number of in- 
vestigators have proposed the use of spectro- 
photometric® or photoelectric methods® or, 
better still, a photoelectric turbidimeter’® which 
responds to light scattering and is independent 
of color. 

Stabilization of the cephalin-cholesterol rea- 
gent has presented difficulties. Neefe and Rein- 
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hold’! were the first to point out the effect of 
light and temperature in producing false- 
positive reactions. Steinberg’? recommended the 
use of cholesterol-desoxycholic acid emulsion 
as a more stable emulsion in place of the 
cephalin-cholesterol emulsion usually employed 
in the Hanger test. The use of a bile acid in 
place of a phospholipid would lend support to 
the view that the phospholipid acts essentially 
as an emulsifying agent for the cholesterol which 
enters into chemical combination with the 
protein fraction. 

Alterations in the apparent proportions of 
the components of the serum proteins by 
physical means before measurement electro- 
phoretically or by salt precipitation is well 
known. A number of investigators‘*:?*74 have 
shown that increasing the range of dilution of 
sera above the 1:20 dilution usually employed 
in the cephalin-cholesterol reaction yields posi- 
tive tests with both normal and abnormal sera. 
Wunderly and Wuhrman*® postulate that a 
binding occurs between gamma globulin and 
albumin in normal sera in dilutions of less than 
1:20 but that in higher dilutions, or in abnormal 
sera, bonds are broken permitting flocculation 
to take place with the free gamma globulin. 
Makari’*-™ has made use of a technic involving 
_ serial dilution of sera with saline in conjunction 
with the cephalin-cholesterol method. Floccula- 
tion increases from 0 at the standard dilution of 
1:20 to a peak of 3+ to 4+ at 1:400 with 
decline to 0 again upon dilution to about 
1:6,000. Makari postulates an “inhibiting factor”’ 
which is diluted out earlier than the “‘flocculat- 
ing factor.” Frisch and Quilligan’® have used 
both serial dilutions and temperature effects, 
together with a modified cephalin-cholesterol 
emulsion which is prepared at room tempera- 
ture and has greater stability and less light 
sensitivity than the usual emulsion that is pre- 
pared at 70 degrees. This dilution factor would 
explain the almost 100 per cent positive floccula- 
tion tests found with ascitic fluid.”* 

Saifer“* has employed a quantitative cho- 
lesterol method for determination of the total 
cholesterol content of the centrifuged floccu- 
lated material obtained in the Hanger test. 
This work furnishes experimental evidence for 
the stoichiometric interaction between cho- 
lesterol and certain protein fractions, for ex- 
ample, gamma globulin. Since this method can 
determine slight variations in the amount of 
flocculated material in terms of quantitative 
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cholesterol units, it has been employed to study 
such factors as dilution‘‘ and temperature 
variation. ** 

Much of the recent work with protein floccu- 
lation methods has attempted to develop quanti- 
tative procedures which can be related to 
definite protein fractions separated by either 
chemical (alcohol precipitation) or electro- 
phoretic methods. 

Dauphinee and Campbell*® have reported 
the presence of an abnormal globulin in the 
serum of patients with diseases which affect 
the parenchymal cells primarily. They employ 
a 13.5 per cent sodium sulfite solution in their 
separation procedure. 

Although immunochemical and salt pre- 
cipitation methods are not protein flocculation 
methods in the strict sense of the term, a large 
number of such procedures for the determina- 
tion of various protein fractions in biologic 
fluids have been published. Of special interest 
is the procedure of Wolfson, Cohn and their co- 
workers*! because it has been applied by Huerga, 
Popper and their co-workers*?-** to the estima- 
tion of serum gamma globulin concentration by 
turbidimetry and the results compared with both 
the zinc sulfate and electrophoretic methods. 
The turbidity measurements are translated into 
grams of gamma globulin per 100 ml. of serum 
by use of the chemical method of Wolfson et al.*! 
The turbidity was found to be independent of 
the albumin and lipid content and recoveries of 
added gamma globulin by both turbidimetric 
and chemical methods were about 80 per cent. 
In a subsequent paper these investigators** 
found that the protein fraction determined 
turbidimetrically is not identical with electro- 
phoretic gamma globulin. They found an 
average difference of about 15 per cent between 
the two procedures but a closer correlation be- 
tween their turbidity test and electrophoretic 
results than between the latter and the zinc 
turbidity test, which is influenced both by 
albumin and lipids. Although this test is an 
improvement in the quantitative approach, it 
still falls short of a reliable chemical method for 


gamma globulin. 
The lack of correlation between electro- 
phoretic determinations of serum gamma globu- 
lin and of the previously described protein 
flocculation tests of Kunkel’ and of Huerga and 
Popper,*? which supposedly measure gamma 
globulin concentration quantitatively, is re- 
ported in a recent paper by Ricketts et al.** 
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This paper reports errors of about 20 per cent 
for normal sera and as much as 100 per cent for 
sera in various diseases such as portal or biliary 
cirrhosis. 

That there is a relationship between the 
flocculating properties of a protein in solution 
and its electrophoretic mobility can be seen from 
a comparison of Equation 1, as given previously, 
with the standard electrophoresis equation: 


where: v = velocity of migration 

E = the applied e.m.f. per unit length 

in the cell 

7” = the viscosity 

D = the dielectric constant 
It can be seen that both the flocculating property 
(or stability factor) of a protein solution and its 
electrophoretic mobility are functions of the 
zeta potential ({) across the double layer. In the 
electrophoretic method separation of protein 
fractions carrying different charges is achieved 
by means of a constant e.m.f. which is applied, 
whereas separation of protein fractions by floccu- 
lation reactions can be achieved by suitable 
pH variation and controlled changes in the 
ionic field of the solvent surrounding the charged 
protein molecules. Such an approach has re- 
cently been employed by Saifer and Zymaris® 
for the photometric microdetermination of elec- 
trophoretically pure gamma globulin (Cohn’s 
fraction 11) in the range of 100 to 1,000 yg. of 
protein. The method is based on an extension of 
a previously published method for cerebrospinal 
fluid'* in which gamma globulin is precipitated 
quantitatively from solution by means of a 
mixture of cephalin-cholesterol emulsion and 
Hayem’s solution. The protein content of the 
ether-washed complex is determined quantita- 
tively by the ninhydrin method of Moore and 
Stein.** The method has been applied to human 
sera and compared with the electrophoretic 
method.*’ Excellent correlation between the 
two methods was found over a wide range of 


gamma globulin values, with good reproduci- 
bility of results with 0.01 to 0.02 ml. serum and 


satisfactory recoveries of added gamma globulin. 


RELATIONSHIP OF SERUM PROTEIN FLOCCULATION 
TO CEREBROSPINAL FLUID FLOCCULATION 
REACTIONS | 
Kafka and his co-workers** showed that in 
many neurologic disorders such as multiple 
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sclerosis and neurosyphilis changes may occur 
in the ratio of albumin to the globulins present 
in the cerebrospinal fluid without significant 
increase in the total protein values. They 
identified these increased globulins as euglobulin 
and fibrinogen. These investigators found on 
studying the mechanism of the colloidal gold 
reaction that the color changes are due to an 
active globulin fraction of the cerebrospinal 
fluid while the albumin fraction has a pro- 
tective action. 

These findings have been confirmed by 
the more recent work of Kabat, Moore and 
Landow®™.*® employing electrophoretic tech- 
nics. These investigators have shown that the 
electrophoretic pattern of cerebrospinal fluid 
proteins resembles that of serum and that alter- 
ations in the composition of the protein compo- 
nents of serum are reflected in the cerebrospinal 
fluid although the changes are not as marked, 
except for certain neurologic diseases in which 
changes may be even more marked than in the 
blood 


The fact that there is a relationship between 
changes in protein composition of blood sera 
and cerebrospinal fluid in disease is also shown 
by the application to blood sera of the colloidal 
gold test,'!:!? the colloidal benzoin’® and the 
shellac test, '* all of which were originally applied | 
to cerebrospinal fluid. Conversely, the cephalin- 
cholesterol flocculation reaction has been ap- 
plied to cerebrospinal fluid’* as has the thymol 
turbidity test*® and the zinc sulfate turbidity 
test. 

A number of investigators have shown that 
when the concentration of any protein com- 
ponent of the serum for example, an antibody, 
reaches a concentration 200 times greater than 
that normally present, the component appears 
in the cerebrospinal fluid. 

CLINICAL ASPECTS OF PROTEIN FLOCCULATION 
REACTIONS 


No attempt will be made in this paper to 
review the voluminous medical literature deal- 
ing with protein flocculation reactions. Instead, 
recent papers which either review the literature 
on this subject or are concerned with the rela- 
tionship of flocculation studies to electrophoretic 
procedures will be discussed. 

Maclagan® divides diseases with a relative 
increase in serum gamma globulin content, 
namely, positive flocculation reactions, into two 
general classes: (1) liver diseases—hepatitis, 
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cirrhosis, chronic passive congestion; he at- 
tributes positive flocculation in this category 
to abnormal protein synthesis in the liver; 
(2) infectious diseases—bacterial endocarditis, 
malaria, lymphogranuloma venereum, tuber- 


culosis, certain cases of plasmocytoma, infectious : 


mononucleosis. He suggests that a positive 
flocculation reaction in this group represents 
an increase of circulating antibody. 

Liver Diseases. An excellent review article 
on the general subject of serum proteins in 
hepatic disease has been written by Dauphinee 
and Campbell.*® Articles dealing with newer 
tests for hepatic dysfunction have appeared by 
Schrumpf,*? Steigmann et al.,** Linder et al.* 
and Klatskin.** Protein flocculation tests have 
proven useful in differentiating between medical 
and surgical (obstructive) jaundice, particularly 
when used in conjunction with alkaline phos- 
phatase determinations, according to Gutman 
and Hanger,** Popper and Steigmann,*’ Maw- 
son** and others. 

Comparative studies of various protein floccu- 
lation tests as applied to liver as well as non- 
hepatic disease have been published by Kibrick 
and Clements,*® 20 Ernst and Dotti,'° 
Strade, Dotti and Ilka,'®! and Oppenheim, 
Bruger and Frost.'®? The relationship between 
liver function tests and liver histology has been 
studied by Franklin and ‘his co-workers'® and 
by Mateer and his co-workers.’ Histologic 
studies were also carried out by Ricketts et al.' 
in correlations with electrophoretic studies and 
bromsulfalein retention in asymptomatic portal 
cirrhosis, with rather inconclusive results. 

Rafsky et al.'°* have performed simultaneous 
liver function tests and chemical and electro- 
phoretic analysis on the sera of forty patients 
with liver disease. They obtained abnormal 
results by electrophoretic analysis in cases of 
cirrhosis and carcinoma of the liver which were 
in marked contrast to the normal results ob- 
tained by chemical methods. 

Extensive electrophoretic studies in liver 
disease employing both plasma and sera have 
recently been reported by Franklin and his co- 
workers. '%:1°% They report markedly elevated 
fibrinogen values in the cirrhotic patients which 
they attribute to inclusion of a gamma globulin 
in the “fibrinogen” peak. In their second 
paper'® they report marked elevations of a 
gamma globulin in cirrhotic sera, with smaller 
elevations in other liver diseases. The mobility 
of this fraction is said to be between the com- 
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monly described beta and gamma globulin 
fractions. Increases in this fraction were found 
to have little or no relationship to increased 
values obtained with protein flocculation reac- 
tions in the same sera. 

Schmid!” compared Kunkel’s zinc turbidity 
procedure against gamma globulin values ob- 
tained by chemical salt fractionation in liver 
disease and obtained poor correlation. 

Non-hepatic Diseases. As compared to hepatic 
disease this field has received but little attention 
from clinical investigators. However, strongly 
positive protein flocculation reactions are ob- 
tained in such diseases as malaria!!®''? and 
infectious mononucleosis'!*""* in a large per- 
centage of cases. The formol-gel test has been 
found useful in kala-azar by Napier'’® and the 
Takata-Ara reaction was originally used in 
pneumonia.*® The Weltmann reaction has been 
particularly employed in lung infections and 
is said to indicate “fibrotic or exudative” 
changes.''* The cadmium sulfate test** has also 
been applied in this field. The colloidal gold test 
has been found by Carter and Maclagan® to 
give a high percentage of positive tests in such 
diseases as heart failure, malaria, infective endo- 
carditis, glandular fever and rheumatoid arthri- 
tis. Fraser’? has performed extensive studies 
of flocculation tests in rheumatoid arthritis and 
related diseases and reports that the colloidal 
gold reaction was positive in 61 per cent of the 
observations in rheumatoid arthritis and in 
40 per cent of the cases of rheumatic fever. 

Jacox and Gale* have found that the degree 
of turbidity produced by the reaction of serum 
with a quaternary ammonium salt (octab) 
reflects accurately the inflammatory activity in 
such diseases as rheumatic fever, chorea and 
rheumatoid arthritis. 

Disturbances in protein metabolism, as meas- 
ured by liver function tests, have been reported 
in rickettsial diseases such as Rocky Mountain 
spotted fever''* and in bacterial diseases such 
as tuberculosis.’ Electrophoretic studies of 
tuberculosis sera by Seibert and her co-workers'”° 
showed a rise in gamma globulin content in 
cases of minimal active tuberculosis. Such 
findings fit in rather well with an antigen- 
antibody mechanism for these diseases. '*! 


CONCLUSION 


Perhaps the best way to conclude this review 
is to quote the following paragraph from the 


- excellent article on “Flocculation Tests: Chemi- 
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cal and Clinical Significance” by Maclagan* 
who has been one of the most productive 
workers in this field: ““The possible application 
of the (flocculation) tests in protein chemistry 
and in immunology has been little explored. If 
they can detect differences between protein 
fractions which are electrophoretically identical they 
must have some contribution to the character- 
ization of proteins in general.” To which the 
author would like to add that, in his opinion, 
these developments can best be achieved by the 
application of quantitative physical and chemical 
measurements to the field of protein flocculation 
reactions. 
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Current Principles of Management in Gout’ 


ALEXANDER B. GuTMAN, M.D. and T. F. YU, M.D. 
New York, New York 


oO cure for gout is now available or in 

N prospect. Nevertheless, substantial ad- 

vances in the regulation of gout have 

been made in recent years and the consequences 

of the disorder can be minimized and counter- 
acted more effectively than hitherto. _ 

For example, in the treatment of acute gouty 
arthritis it is now possible to abort and termi- 
nate acute attacks more quickly and regularly, 
and with fewer residual discomforts. In the 
prevention of acute seizures one can, by fairly 
dependable prophylaxis, so reduce the fre- 
quency and severity of acute gouty attacks that 
even severely afflicted patients, with few re- 
fractory exceptions, suffer relatively infrequent 
interruption of normal activities. In chronic 
gouty arthritis, a neglected phase of the gout 
problem, it is no longer necessary passively to 
await the development of deforming or crippling 
tophaceous deposits, which are then treated 
palliatively by surgical drainage or, more 
drastically, by amputation. It now seems feasi- 
ble, by combined dietary restriction and regular 
use of suitable uricosuric drugs, to obviate the 
formation of tophaceous deposits, to prevent the 
further enlargement of tophi already formed, 
and even to mobilize long-established tophi in 
some instances. 

These advances in management have come 
about for the most part as the result of systematic 
empirical exploitation of the potentialities of old 
drugs, such as colchicine, and the development 
of new therapeutic agents. In part, however, 
they are the fruit of investigations giving better 
insight into the fundamental nature of the gouty 
trait and the causes of acute gouty arthritis and 
chronic tophaceous gout. Even though the basic 
problems of gout still are largely unsolved, a 
‘brief review of these newer concepts of the 
pathogenesis of the disorder will serve well to 
introduce the philosophical considerations un- 
derlying current principles of management. 


FUNDAMENTAL NATURE OF THE GOUTY TRAIT 


According to available evidence, gout as a 
primary disease (i.e., not secondary to poly- 
cythemia vera, etc.) is due to a genetically 
determined inborn error of purine metabolism. 
Analysis of gouty families reveals inheritance 
of the fault as a single dominant trait with in- 
complete penetrance, particularly incomplete, 
for obscure reasons, in female carriers.'~* The 
transmitting gene is autosomal, not sex-linked. 

There is some indication of the general nature 
of the underlying metabolic anomaly in gout. 
In some instances overproduction of urate can 
be demonstrated. Thus, contrary to earlier views 
based upon sparse data obtained largely by 
inadequate methods, the urinary excretion of 
urate in gouty subjects on a fixed, low purine 
diet significantly exceeds the normal maximum 
in an appreciable proportion of cases, about 
25 per cent of 100 gouty subjects studied in a 
recent survey.‘ Moreover, when such gouty 
subjects excreting excessive amounts of urate in 
the urine are fed N’*-labeled glycine, a pre- 
cursor of uric acid in biosynthesis, unequivocally 
greater than normal quantities of N'® are found 
in the excreted urate.® This finding is taken to 
indicate that in such gouty subjects there is some — 
diversion of precursor nitrogen and carbon 
compounds from metabolic pathways ordinarily 
terminating in urea formation, among others, 
to those ending in urate. The rapidity with 
which N'® is incorporated into urate under 
these circumstances would seem to exclude inter- 
mediary incorporation into nucleic acids, which 
have a slow turnover rate. A more direct path- 
way of urate biosynthesis from simple carbon 
and nitrogen precursors appears to be present 
and abnormally active in such cases of gout. 
The nature of this pathway is not known but 
direct purine biosynthesis from glycine, “‘for- 
mate,” ammonia, bicarbonate and ribose-1- 
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phosphate, with intermediary formation of 4- 
amino-5-imidazole carboxamide ribotide, has 
been convincingly demonstrated in the pigeon 
and rat.*® 

The metabolic anomaly in gout is more com- 
plex than this, however. In gouty subjects not 
excreting excessive amounts of urate, feeding 
experiments with N'*-labeled glycine have 
failed to show excessive incorporation of N*® 
into excreted urate.* Whether this means that 
urate biosynthesis is not augmented in these 
cases, or so slightly or intermittently as not to be 
detectable by this method, cannot now be 
ascertained. Moreover, it is altogether probable 
that increased degradation of nucleic acids, 
whether from endogenous or exogenous sources, 
is a contributory factor in some cases of gout. 
At present the evidence that uricolysis plays a 
significant role in gout is unsubstantial. 

The capacity to excrete urate and other 
purines doubtless is as important a factor in the 
pathogenesis of gout, certainly of chronic 
tophaceous gout, as is the rate of elaboration of 
these substances. In this aspect of regulation of 
the purine economy the kidney plays a pre- 
dominant role. No primary, intrinsic defect in 
renal excretion of urate has yet been detected in 
gouty subjects, even with the most refined 
available methods for assessing discrete renal 
functions. There is in the gouty subject, '® 11.14 
as in normal man,'*!*® complete filtration of 
urate at the glomerulus, with subsequent tubular 
reabsorption, by enzymatic transfer systems as 
yet unidentified, of all but 5 to 10 per cent of 
the filtered urate. Despite the high incidence of 
renal damage in chronic gout, these normal 
processes appear to be substantially maintained 
even when, as often occurs, the glomerular 
filtration rate and effective renal plasma flow are 
markedly reduced.'®* The tenacity with which 
efficient tubular reabsorption of urate is pre- 
served, even in advanced tophaceous gout, 
deserves special comment. It is difficult to 
comprehend the purposefulness of almost com- 
plete tubular reabsorption of uric acid, an ap- 
parently useless end product of purine me- 
tabolism, in normal man. Persistent mainte- 
nance of this activity in the face of chronic 
tophaceous gout would seem, in fact, to be 
distinctly deleterious. 


CAUSES OF ACUTE GOUTY ARTHRITIS 
It has been suggested’*!? that the diverse 


precipitating causes of acute gout—local trauma, 
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dietary and alcoholic overindulgence, infec- 
tions, surgical operations, emotional upsets, etc. 
—are, in effect, non-specific stresses which elicit 
an alarm reaction taking the form, in the in- 
dividual predisposed to gout, of acute gouty 
arthritis. There is, however, no convincing evi- 
dence that gout is primarily an endocrine disease 
of the pituitary or adrenal glands'*!* nor has 
the role of the gonads, which seem in part to 
predetermine the incidence of manifest gouty 
symptoms, been satisfactorily clarified.*® In 
regard to acute gouty arthritis as an allergic 
phenomenon, all that can be said at present is 
that allergic reactions may incite an acute gouty 
attack?! but probably do so only in a minority 
of allergic individuals also inherently predis- 


posed to gout. 


The immediate agency of acute gouty ar- 
thritis is not known. Despite common acceptance 
of the assumption that precipitation of uric acid 
in affected joints somehow evokes the acute 
attack, there is no valid evidence that uric acid 
per se, pharmacologically a virtually inert sub- 
stance, is the offending agent; and there is a 
great deal of circumstantial evidence that it is 
not.? One may conjecture that the real culprit 
is a purine precursor of uric acid with potent 
vasomotor properties, of which a number are 
known. If so, this substance has not been identi- 
fied; nor is it known whether the responsible 
agent is an abnormal metabolite formed only 
in gout or a normal metabolite formed in excess 
or improperly degraded or excreted. 

CAUSES OF CHRONIC TOPHACEOUS GOUT 

Here we are on firmer ground. While uric acid 
is a physiologically innocuous substance, its 
relative insolubility in blood plasma predisposes 
to precipitation in the tissues as plasma levels 
rise, particularly if there is significant impair- 
ment of renal excretion of urate; why urate 
should be deposited by predilection in cartilage 
is not clear. These urate deposits in the tissues 
are, at first, painless and probably harmless but 
with increase in size they impinge upon neigh- 
boring structures and, acting as foreign body 
irritants, may elicit chronic inflammatory reac- 
tions and acute secondary infections. In the 
joints very large deposits lead ultimately to 
deforming and incapacitating arthritis; in the 
kidneys sometimes to formation of kidney stones, 
obstruction of the collecting tubules and uremia. 

The development of tophaceous deposits is an 
indication of positive urate balance, i.e., the rate 
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of excretion (and degradation) of urate is inade- 
quate to cope with the rate of urate production. 
This may be the result solely of excessive bio- 
synthesis of urate from simple carbon and 
nitrogen precursors and the degradation prod- 
ucts of ingested purines, abetted by large dietary 
intake of proteins and preformed purines; or 
only of impairment of renal excretion of urate 
and other purines; but in most instances of 
chronic tophaceous gout both factors appear to 
operate together. 

Even if urate retention is of minor degree and 
intermittent, it is apt to be cumulative over the 
years. Visible tophi develop in some 50 per cent 
of patients with chronic gout,?* a minimum 
approximation of the incidence of tissue urate 
deposits since it takes into account only super- 
ficial accumulations. Estimations of the miscible 
pool of urate*‘ and of the total mobilizable body 
urate?® indicate that insidious deposition of urate 
in the tissues is, in fact, a more or less regular 
accompaniment of chronic gout. Fortunately, 
these depositions progress to gross deformity 
and crippling arthritis only in the minority of 
cases. 


GENERAL PRINCIPLES OF MANAGEMENT 


It is apparent from the preceding discussion 
that correction of the ultimate causes of gout, 
involving obscure enzyme reactions in unidenti- 
fied tissues, is not now possible. 

It is also apparent that proper regulation en- 
compasses not one but two more or less distinct 
objectives. The first is suppression of the acute 
attacks which, as already indicated, are not 
ascribable to uric acid per se but to as yet un- 
identified agents. The traditional drug employed 
for this purpose is colchicine, a specific of un- 
known pharmacologic action which has no 
detectable effect on uric acid metabolism and, 
while effective in the control of acute gouty 
arthritis, does not prevent the insidious develop- 
ment of chronic tophaceous gout. It is futile to 
judge the efficacy of any measures taken to 
prevent or control acute attacks by changes in 
serum or urine uric acid content, or by any 
other laboratory test now available. Until the 
true causative agent is identified and can be 
measured, this must be done by clinical trial 
and error oyer prolonged periods of close ob- 
servation. The unpredictable vagaries of acute 
gouty arthritis preclude early judgment. 

In the more severe and progressive cases of 


chronic gout, particularly with the development 
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of renal damage, there is added to the necessity 
for prophylaxis and control of acute seizures a 
second need, that of prevention and mobilization of 
urate deposits in the tissues. To achieve this a state 
of negative urate balance must be induced for 
as long as may be required. This is best accom- 
plished by limiting the formation of urate in the 
body, insofar as this is possible, by restriction of 
the dietary intake of precursor purines, proteins 
and fat and, at the same time, accelerating the 
excretion of urate by regular and protracted 
use of a suitable uricosuric agent to counteract 
persistent tubular reabsorption of urate. The 
resultant fall in serum urate levels, particularly 
if marked, presumably helps to reverse the 
equilibrium favoring flow of urate from the 
blood into the tissues. The adequacy of such 
measures is best judged by periodic measure- 
ment of the urinary and serum uric acid con- 
tent on a fixed diet. Eventually, the results of 
treatment may become evident clinically in the 
failure of new tophi to appear; in greater 
mobility of affected joints particularly of the feet 
and knees; and in reduction in size of established 
tophi, as shown objectively by comparison with 
pre-treatment photographs and x-rays. There 
is no clear indication as yet that uricosuric 
agents, at least by virtue of their uricosuric 
effect, are of definite benefit in controlling or 
preventing acute gouty attacks. 

Finally, it is apparent that the prophylactic 
and therapeutic objectives to be sought in gout 
depend, in general, upon the stage of develop- 
ment of the disease: whether the patient is in 
(1) the initial phase of asymptomatic “essential” 
hyperuricemia, (2) the critical phase of acute gouty 
arthritis, (3) the more or less quiescent interval 
phase between acute attacks, intercritical gout 
or (4) the ultimate phase of chronic tophaceous 
gout, with more or less chronic joint disability 
punctuated by recurrent acute arthritis, and 
usually associated with more or less _ renal 
damage. 

Asymptomatic “‘essential’’ hyperuricemia has 
been disclosed by systematic study of the fami- 
lies of patients with overt gout to be more com- 
mon than is generally appreciated.'~* Most 
bearers of the gouty trait apparently reveal the 
metabolic fault only as hyperuricemia, if at all, 
and never develop recognizable clinical symp- 
toms of gout; this is particularly true of female 
carriers. In view of this generally benign course 
it would seem unwise to impose severe dietary 
restrictions or prescribe regular prophylactic 
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therapy in this phase of the disease. As a 
prudent precaution, however, reasonable limi- 
tation of the diet, including alcoholic intake, 
should be advised. 

With the first overt attack of acute gouty 
arthritis, the prospect of progression of the dis- 
order is greatly enhanced since recurrence is the 
rule. Whether these recurrences will be so in- 
frequent as to cause no more than very oc- 
casional, if painful, interruption of activities or 
so frequent as virtually to incapacitate the 
patient cannot be prognosticated at the time of 
the first attack; however, onset of the initial 
attack before the age of thirty-five, marked 
familial incidence of overt gout, and a fulmina- 
ting initial seizure involving several joints all 
seem to predispose to a more severe outcome. 
In any event, the acute attack is treated as early 
and vigorously as possible with colchicine, ACTH 
or phenylbutazone, singly or in combination. 

With subsidence of the seizure, it is necessary 
to face the problem of prophylaxis during the 
intercritical period. This probably is not neces- 
sary until it becomes evident that recurrences 
will be frequent and severe. It is best accom- 
plished, at present, by instituting regular 
colchicine prophylaxis and more or less re- 
striction of diet, depending upon individual 
idiosyncrasies. 

In chronic gout, in addition to regular 
prophylaxis to prevent acute recurrences, it is 
good practice to institute a more rigidly re- 
strictive diet in order not to overburden the 
patient with excessive and unnecessary urate 
loads. Usually this diet subsequently can be 
liberalized somewhat, particularly if uricosuric 
agents are employed, depending upon the effect 
on serum and urinary urate levels, and upon 
the patients’ personal tolerances. A suitable 
uricosuric agent, usually benemid,® is given 
concomitantly in appropriate dosage if there 
is indication of significant urate deposition in 
the tissues. 

So much, in bare outline, for the general 
objectives and principles of management. Let 
us now examine in greater detail the several 
agents presently available to accomplish these 
objectives, indicating their advantages and 
limitations. 

COLCHICINE 


There are three more or less distinct uses for 
colchicine in the management of gout: (1) to 
terminate established attacks of acute gouty 
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arthritis, the classic usage; (2) to abort impend- 
ing attacks of acute gout and (3) as a prophylac- 
tic agent to prevent recurrence of acute seizures 
in the intercritical periods of chronic gout. As 
already indicated, colchicine is not a uricosuric 
agent. 

To terminate established attacks of acute 
gouty arthritis, colchicine traditionally is given 
orally in divided doses of 0.5 or 1.0 mg. every 
two to four hours until the attack subsides or 
diarrhea, nausea or vomiting ensue. Usually, 
substantial relief of local and systemic mani- 
festations is obtained after a total dosage of 6 to 
8 mg. Colchicine, however, is by no means 
promptly and completely effective in all cases 
of acute gout, particularly if treatment has been 
delayed for days or weeks. There is a significant 
incidence of refractory response. In at least 25 
per cent of the eighty-seven attacks in forty-six 
gouty subjects we have treated in this way there 
was persistence of swelling and pain of greater 
or lesser degree, sometimes for weeks. Moreover, 
the gastrointestinal effects of colchicine not 
infrequently are unduly prolgnged, debilitating 
and difficult to control even with paregoric; if 
peptic ulcer, spastic colon or similar disorders 
are present these side effects may be extremely 
troublesome. Despite the entrenched position 
of colchicine in the treatment of acute gouty 
arthritis, there is ample opportunity for alter- 
native or supplementary therapy. 

Little has appeared in the literature concern- 
ing the intravenous use of colchicine for acute 


_ gouty arthritis but this mode of administration 


has been widely employed for many years. En- 
thusiastic proponents of intravenous colchicine 
therapy claim for it prompt and striking relief 
of symptoms with a minimum of gastrointestinal 
discomfort. Our own experience with intrave- 
nous colchicine is very limited. Of fourteen 
acute gouty attacks so treated, in four there was 
dramatic relief after one injection (0.65 mg. 
colchicine); in eight the response was favorable 
but incomplete; in two no relief was obtained 
even after several injections. There were no 
gastrointestinal complications after a single 
injection but these appeared when multiple 
doses were given. This form of colchicine 
therapy appears to have a place in the treatment 
of acute gouty arthritis but more systematic 
evaluation is needed. 

The second use of colchicine is to abort im- 
pending attacks of acute gout, the onset of 
which is often heralded by twinges of pain, 
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tenderness or stiffness in a joint, or other indis- 
position recognized by the observant patient. 
For this purpose the patient is instructed to take 
0.5 or 1.0 mg. every two hours upon the first 
intimation of an attack, until a total of 3 or 
4 mg. has been ingested. This dosage does not 
ordinarily produce gastrointestinal symptoms 
but will usually prove effective if taken in time. 
Control of acute gouty arthritis, irrespective of 
the agency employed, is almost always more 
satisfactory if instituted early. 

The third important use of colchicine, the 
regular administration of small doses for pre- 
vention of recurrence of acute attacks, seems to 
be a comparatively recent innovation in 
colchicine therapy. Cohen in 1936 advised in- 
gestion of 0.5 mg. three times daily for one week 
in every four during the symptom-free inter- 
vals, in conjunction with continued low purine 
diet, and claimed good results.2* Talbott'® 
recommends one or two colchicine tablets every 
week throughout the year for those who have 
but few attacks, increased to a regular ration 
of one to three tablets daily in those subject to 
very frequent recurrence. He states that the 
practice is “believed to be beneficial.”'® Our 
own custom is to employ regular colchicine pro- 
phylaxis, in conjunction with dietary restriction, 
whenever justified by frequent recurrence of 
acute attacks. The minimum effective dosage is 
determined by patient trial and error, according 
to individual needs. Usually 1.0 or 0.5 mg. 
every night or every other night will suffice; in 
the more refractory cases 1.5 or 2.0 mg. nightly 
may be required. These dosages cause no 
gastrointestinal discomfort in most patients, 
drug tolerance does not develop and bone 
marrow or liver toxicity thus far has not been 
detected. 

Of seventy-three of our gouty patients now on 
this prophylactic regimen, in forty-seven ap- 
praisal of the results must be withheld for the 
present because the incidence of prior attacks 
was too erratic and the period of prophylaxis 
is still too short. Observations on the effects of 
regular colchicine prophylaxis over a period of 
eighteen months to four years or more are 
available in thirty-one cases. (Table 1.) In 
eighteen the results have been conspicuously 
good, with reduction of regularly recurrent 
severe or moderately severe attacks to few, if 
any, minor episodes; in thirteen instances the 
response has, in fact, made the difference be- 
tween virtual incapacitation because of fre- 
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quent interruption of activities and restoration 
to full employment. In eight patients the results 
of prophylaxis have been incomplete or equivo- 
cal. In five instances there has been no signifi- 
cant acute arthritis throughout the period of 
prophylaxis but the infrequency of prior seizures 
makes judgment difficult as yet. 

Colchicine prophylaxis is, at best, a com- 
promise form of suppressive therapy and there 
are no adequate data as to its efficacy available 
in the literature. The experience summarized in 
Table 1 is inadequate for final evaluation but 
the results to date are the most satisfactory we 
have obtained by any prophylactic regimen 
tried. The effective preventative properties of 
cinchophen, as recorded in detail by Bartels*’ in 
1943, are, unfortunately, vitiated by occasional 
hepatotoxicity and this form of prophylaxis has 
now been virtually abandoned in this country. 


CORTICOTROPIN (ACTH) 


The chief use for ACTH in gout is to termi- 
nate established attacks of acute arthritis, for 
which purpose it is a potent agent in most in- 
stances if given in adequate amounts according 
to a proper dosage schedule. It is effective in 
most cases responding unsatisfactorily to colchi- 
cine and has the advantage of not causing gastro- 
intestinal upset. Its action is unspecific and 
appears to be suppressive and antiphlogistic 
through unknown mechanisms. Compound F 
also appears to be effective?* whereas oral 
cortisone, although it may be adequate in 
sufficient dosage, is not dependable. ACTH 
increases the urinary excretion of urate but 
causes too many side reactions to justify pro- 
tracted regular use as a prophylactic and uri- 
cosuric agent in chronic gout. 

We have thus far treated forty acute gouty 
attacks by intramuscular injection of ACTH in 
aqueous medium. (Table uu.) Whereas our 
earlier experience indicated inadequate response 
in some 30 per cent of cases treated with a 
maximum daily dose of 100 mg.,'*® this propor- 
tion has declined to 10 per cent with the realiza- 
tion that larger doses may be required in the 
first days of treatment, as was necessary in eight 
of our cases. In another 10 per cent of cases the 
response was less complete and more protracted. 
Our present practice is to initiate ACTH therapy 
in acute gouty arthritis with one to four injec- 
tions of 50 mg. on the first day of treatment 
(total 50 to 200 mg., usually 100 mg. per day). 
Daily doses of 50 to 200 mg. are maintained for 
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RESULTS OF REGULAR COLCHICINE PROPHYLAXIS OVER A PERIOD OF EIGHTEEN MONTHS OR MORE 


IN THIRTY-ONE CASES OF CHRONIC GOUT 


Case Course before and during Prophylactic Regimen* 
Years of| Daily 
Tophi_ | Prophy- | Colchicine Attacks/Year Remarks 
Name and laxis (mg.) 7 
No. Age Years 
| 
1/1.G., 76 0 7 0.5 1939-44 1 | 1 0 both 
{1348-4 0 0 0 attacks after 1 were due to omission 
1948-49 0 0 2} of colchicine 
1949-51 0 0 0 
2|R.C., 48 ++ 6 1 1931-42 0 1 2 Prior to prophylaxis, 8-10 
1942-46 4-5 0 0 wk/yr. and unable to regular job; 
1946-48 0 0 0 since prophylaxis he has been 
1948-52 1 0 1 almost without interruption 
3 | C. M., 64 0 5 1 1933-44 0 1-4 0 No joint complaints for last three years; 
1944-47 0 0 2-3 died 1949, probably coronary thrombosis 
1947-49 0 0 0 } 
4 | M. M., 54 + 4 0.5 Sep 
some mon 
1948-50 0 0 0 minor attacks abated yt. after the 
1950-52 0 2 1} regimen was begun but there has been 
some recurrence 
5 |G. W., 46 0 4 1.5-2.0 1940-48 1 0 0 Control of acute attacks prophylaxis 
1948-51 1 1 incomplete; benefit 
1951-52 1 0 2 
6 | E.S., 45 0 4 0.5-1.0 1937-48 1 1 2 Free of complaints when following regi- 
1948-50 0 0 3 men; invariable acute attack when 
1950-52 0 0 2} omitted 
7 | P. M., 73 0 4 0.5 q. 2.d. 1945-48 0 1 1 Number of acute attacks prior to prophy- 
m 1948-49 0 1 0 laxis were too few for evaluation of 
{1349-51 0 0 of prophy 
1951-52 0 1 0 
8 | L. R., 70 ++ 3 1 1933-44 1 2 0 Working regularly since prophylactic 
eat 1944-49 3 4 0 started 
1949-51 0 1 3 
1951-52 0 0 2 
91D. R., 36 0 3ke 1 1944-45 0 3-4 0 Number of acute attacks per year de- 
1945-49 6-7 0 0 creased; some of the attacks on the 
4 1949-50 2 1 men attribu to omission 
1950-52 1 1 1 
10 | O. G., 49 0 3he 0.5 1947-49 0 1 1 One acute attack developed after omission 
1949-51 0 0 0 
1951-52 0 0 tf 
1} E.F,50 | ++++ 3 1 1942-49 2 2 Many _ | Chronic diffuse joint pain with 
{1949-52 0 0 4-5} colchicine 
12 | N. W., 55 + 3 1 1941-48 0 1 1 Completely incapacitated for one year 
1948-49 Many Almost 0 prior to prophylaxis, since then 
1949-51 0 0 2 
1951-52 1 0 1} 
13 | D. W., 54 0 3 1 1933-43 2-4 0 0 Given 
0 1943-48 and had 
948-49 | Continuous no attacks is ; incapaci- 
attacks tated for 6 months in 1949 after discon- 
men; since 
of colchicine prophylaxis 
14 | F. M., 62 ++ 3 1 1919-44 0 1 1 Did welt on seguins prophyiene: 
{1944-47 0 0 0} i eg 1947-50; free of 
1947-49 0 0 0 attacks to 1949; frequent recurrences in 
1949-50 0 3 4 
15 | L. G., 54 0 3 0.5 9 1 0 1 Attacks before prophylaxis were too few 
1949-50 0 0 1 for evaluation 
1950-52 0 0 
146/V.P,60 | ++++ 2% 1.5 1930-35 1 0 0 Disabled many years due to chronic diffuse 
1935-37 Many Many 0 joint many acute attacks and 
1937-49 Few Few 0 numerous tophaceous started 
1949-50 1 0 3} colchicine prophylaxis in 1937 before our 
1950-51 0 3 observation iod; attacks became less 


chronic few 
pain 1950-51; died 1951, infection 
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TABLE 1 (Continued) 


Course before and during Prophylactic Regimen * 
Years of} Daily 
Tophi | Prophy- | Colchicine Attacks/Year Remarks 
laxis (mg.) 
ears 
Severe Moderate Mild 
++ 2 1 1938-50 3-4 0 Many | Frequently incapacitated prior to prophy- 
1950-51 0 0 3 laxis i 
1951-52 0 0 3} 
0 2 0.5-1 1944-49 0 1-2 0 Same as Case 17 
1949-50 5 0 0 
1950-51 0 0 2 
1951-52 0 1 0} 
++4+44 2 1 1932-38 0 6 6 Crippled and disabled for 7 or 8 years due 
1938-42 3 3 0 to chronic pain and stiffness, recurrent 
deposits; now regularly since 
1951-52 0 0 3} phylactic regimen and prolonged a 
suric 
+++4 2 0.5 q. 2.d. 1928-48 Many 0 0 Incapacitated during winter months tor 
{1948-50 0 0 Few} for the two winters 
on 
++++4+ 2 1 1936-45 2-3 Many _ /| Disabled many years chronic diffuse 
2-3 pain, many acute at one numerous 
deposits; i uent acute 
1951-52 0 1 0 much chronic pain 
+++4+ 2 1 1914-25 Few 0 0 Like Case 16, but less satisfactory response 
1925-35 Many 0 0 
1935-49 Few Few 0 
{1949-51 1 0 1} 
0 2 1 1944-50 Few Few Every 1-2 | During the first year results of ylaxis 
weeks unsatisfactory: many attacks. tacular 
1950-51 3 4 3 results second year; &0 obvious 
1951-52 0 0 0 tion 
0 2 0.5 1930-49 0 1 0 Results of xis sati ; one 
1949-50 2 0 1 attack in 1952 followed of 
1950-51 0 0 0 cholchicine 
1951-52 0 1 0} 
+ @ 0.5 1945-50 0 0 2-3 Mild gout; evaluation difficult 
1950-51 0 0 0 7 
1951-52 0 1 0} 
0 2 1 1947 0 1 0 Control of acute attacks by es 
1947-49 0 0 0 ; benefit problema 
1949-50 1 1 4-5 
1950-51 1 1 0 
1951-52 1 1 1 
umerous | att incapacita i ior to pro- 
‘al was 
ing since 
+ 14g 0.5 1947-50 0 2 0 Chronic diffuse joint pain disappeared with 
{1950-52 0 1 0} prophylaxis ‘esis 
+ 14g 0.5 1947-49 0 0 1 Same as Case 28 
949-50 1 0 0 
{1950-52 0 0 0} 
0 14 0.5 1948-50 1 1 0 Attacks before prophylaxis were too few 
1950-51 0 0 0 and prophylactic regimen too short for 
1951-52 0 1 0} evaluation 
0 14g 0.5 1948-49 0 1 0 Same as Case 30 
1949-50 0 0 2-3 
{1950-52 0 0 2) 


* Figures not enclosed in brackets, before prophylaxis; those enclosed in brackets, during prophylaxis. 
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Case 
Name and 
No. Age 
17 | 1. K., 42 
18 | J. R., 40 
19 | A. G., 61 
20 | R. B., 72 
21 |G. B., 64 
22 | M. K., 70 
23 | A. R., 42 
24 1A. L., 66 
25 | M. R., 64 
26 | M. S., 59 
27 | I. K., 57 
28 | C. Y., 74 
29 | H. W., 68 
; 30 | A. L., 45 
31 | H.N., 47 
a 
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another day or two, depending upon response. 
The dosage is then slowly tapered off to 20 mg. 
a day, the treatment schedule being adjusted to 
individual requirements. If the suppressive 
effect of ACTH is terminated too soon, symp- 
toms may reappear in the manner observed in 


TABLE 
CLINICAL RESPONSE TO ACTH THERAPY IN FORTY ACUTE 
GOUTY ATTACKS IN THIRTY-THREE SUBJECTS 


Type of Response No. 


Per cent 


A. Complete remission within 24—48 hr. | 24 60 
B. Good initial response, relapse after | 
cessation of ACTH (inadequate treat- 
C. Delayed response, complete 


D. Unsatisfactory response with dosage 

not more than 100 mg. /day 4 10 
E. Unsatisfactory response in spite of 

dosage to 200 mg./day 4 10 


many other disorders, a phenomenon inter- 
preted by some as precipitation of a new attack 
due to corticoid-lack. It is advantageous to 
ensure against exacerbation by giving 1 to 2 mg. 
colchicine**® or 0.6 to 0.8 gm. phenylbutazone 
daily concurrently with the tapering off of 
ACTH therapy and to continue administration 


of these drugs in this dosage for some time after | 


subsidence of the acute symptoms. 

Our experience with intravenous use of 
aqueous ACTH is still too limited to determine 
whether this method of administration offers 
any distinct advantage; thus far no striking 
difference is apparent. The use of long-acting 
ACTH in repository gel form, as particularly 
recommended by Wolfson et al.*® who were 
able to terminate twelve of thirteen acute 
attacks with a single injection containing 
100 mg. ACTH, represents a marked simplifica- 


tion of treatment. We have found this method_ 


entirely adequate to abort incipient seizures 
but do not have enough experience with it as 
yet to determine whether it will be sufficient to 
control fulminating gouty arthritis. 

Because of the short duration of ACTH 
therapy required for cessation of acute gouty 
attacks, significant side reactions are infrequent. 
On one occasion we were obliged to terminate 
treatment because of the development of con- 
gestive failure in a precariously compensated 
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patient. Caution is necessary if there is a history 
of peptic ulcer. Mild changes in mood, chiefly 
elevation, are a common occurrence. 


PHENYLBUTAZONE (BUTAZOLIDINE)® 

Phenylbutazone is a potent analgesic and 
antiphlogistic agent, non-specific for acute gout 
but more effective, in our experience, in con- 
trolling the local and systemic manifestations 
than such drugs as salicylates or neocinchophen. 
We have employed it to terminate established 
attacks of acute gouty arthritis, to abort in- 
cipient seizures and to suppress lingering joint 
pains and stiffness in chronic gout. Our ex- 
perience with the use of phenylbutazone is still 
limited but the simplicity of treatment, the 
rapidity of subjective relief in most cases, and - 
the infrequency of residual discomforts thus far 
would seem to make it the drug of choice in 
many instances. Phenylbutazone also rapidly 
and sharply lowers serum urate levels and 
usually increases urinary excretion of urate‘ 
but we have not investigated its protracted 
regular use as a uricosuric or prophylactic agent 
because its safety for long-term administration 
has not been adequately established. 

Kuzell et al.*! reported complete remission 
within forty-eight hours in twenty-five of forty- 
eight attacks of acute gout; in fifteen cases there 
was a rapid decrease of signs and symptoms 
within forty-eight hours but some persistence 
up to seven days; in eight instances the response 
was limited to minor decrease in pain and 
swelling of the affected joint. We have thus far 
treated twenty acute attacks in sixteen patients, 
giving 0.8 gm. phenylbutazone daily in four 
divided doses by mouth. (Table m1.) In thirteen 
attacks involving twelve patients remission was 
complete or virtually complete within twenty- 
four to forty-eight hours; in three of these cases 
the attacks had proved refractory to colchicine 
or ACTH and, indeed, the response in most 
members of this group was more rapid than 
in previous attacks treated with colchicine or 
ACTH. In seven attacks involving six patients 
there was improvement but it was slower; in 
four of these instances there was some residual 
pain, swelling and stiffness after a total dosage 
of 4.0 gm. in five days. In one instance these 
symptoms vanished quickly after a_ single 
50 mg. dose of ACTH. 

The limiting factor in the use of phenyl- 
butazone is its toxicity. Gastric irritation, re- 
activation of healed peptic ulcer, drug rash 


Within OF eck; dosage Of 
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TABLE 1 
RESULTS WITH PHENYLBUTAZONE IN THE TREATMENT OF TWENTY ATTACKS OF ACUTE GOUTY ARTHRITIS 
IN SIXTEEN SUBJECTS (DOSAGE 0.8 Gm./DAY IN FOUR DIVIDED DOSES) 


Case Acute Attack — 
Known 
Dura- 
tion of Severity Response 
Name Gout , Duration 
No. and Age (yr.) Location (days) 
Pain | Swelling | Redness 
1 | J. F., 47 12 Knee +++ ++ + 23 Took colchicine to diarrhea without 
2 | J. F. | Wrist ++ ++ + 5 relief; complete subsidence with 
1.2 gm. phenylbutazone in 36 hours 
in both attacks 
3 | P.C., 58 30 Hand ++ ++ + 21 Attack refractory to colchicine; vir- 
tually complete subsidence after 
0.8 gm. phenylbutazone in 24‘ hours 
4 1H. S., 50 6 Feet, +++ ++ ++ Many | Continued pain and swelling after 
knee weeks colchicine and ACTH (200 mg 
daily); phenylbutazone 0.8 gm./24 
hours brought complete relief 
5 |H. F., 44 19 Feet tet) tet) +++ 3 First attack brought under control 
6 | H. F. Big toe, | ++ + + 1 after 2.4 gm. phenylbutazone in 
hand 3 days; second attack after 1.6 gm. 
phenylbutazone in 2 days; previous 
attacks treated with ACTH and/or 
colchicine usually lasted longer 
7 |D.R., 36 9 Ankle ++ + + 3 Previous attacks ACTH to 
200 mg./day for 5-7 days for con- 
trol; this attack subsided completely 
after 1.6 gm. phenylbutazone in 
48 hours 
8 | M.S., 59 5 Knee ++ + 0 1 Previous attacks lingered for a long 
time after colchicine or ACTH 
therapy; this attack was smoothly 
aborted by 1.6 gm. phenylbutazone 
in 48 hours 
9 |R. C., 56 17 Hand ++ + + 1 Uneventful, rapid recovery after 
0.8 gm. phenylbutazone in 24 hours 
10 | J. M., 55 5 Big toe | +++/ ++ ++ 2 Attack over after 0.8 gm. phenyl- 
butazone in 24 hours 
11 |1M.D.,58| 20 | Knee + 4 | Pain subsided after 0.8 gm. phenyl- 
butazone in 24 hours; complete 
relief after 1.6 gm. in 2 days 
12 | I. K., 42 15 |Finger, | ++ + + 6 Attack over after 1.2 gm. phenyl- 
big toe butazone in 36 hours; response about 
the same to colchicine 
13 |C. Y., 74 5 | Finger + + + 22 _—‘| Lingering pain and tenderness termi- 
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TABLE 11. (Continued) 
Case | Acute Attack : | , 
Known 
Dura- 
tion of Severity Response 
Name Gout Duration 
No. | and Age | (yr.) | Hecation (days) 
Pain | Swelling | Redness 
14 |G. W., 46 12 Ankle + + + 1 First attack aborted with 1.2 gm 
15 |G. W. Knee + +++ + 1 phenylbutazone in 36 hr.; in second 
attack pain and redness promptly 
subsided but marked swelling per- 
sisted after 1.0 gm. phenylbutazone / 
24 hours; prompt subsidence after 
50 mg. ACTH 
16 |S. F., 35 11 Ankles | +++ + + 1 Previous attacks incompletely con- 
trolled by colchicine or ACTH; 
partial response to 0.8 gm. phenyl- 
butazone in 24 hours but slight pain 
for 2 weeks despite continued therapy 
17 | A.L., 45 3 Big toe ++ + + 5 Partial response to 1.0 gm. pheny!l- 
‘butazone in 30 hours but stiffness 
persisted for several weeks 
18 | B. R., 56 12 Ankle +++ |} ++ ++ 2 Partial response in both attacks to 
19 |B. R. Big toe | +++) +++); ++ 2 1.6 phenylbutazone in 2 days but 
vague pain persisted for 2 weeks 
despite continued medication for 
5—6 days 
20 | R. C., 48 21 Hand, | +++), ++ + 4 Pain diminished after 0.4 gm. phenyl- 
wrist butazone and completely gone after 
1.6 gm. in 2 days; however, swelling 
became more marked and persisted 
until medication was stopped 


and fever, anemia, salt and water retention 
with edema, and significant bone marrow 
depression have been reported to occur. In the 
short-term therapy of acute gout, however, 
these hazards appear to be inconsiderable; we 
were not obliged to interrupt treatment in our 
small experience to date. Vigilance, however, 
is essential. 
PROBENECID (BENEMID)® 

Probenecid has no definite analgesic or anti- 
phlogistic action in man and is of no value in 
the treatment of acute gouty arthritis; whether 
prolonged administration will have any distinct 
prophylactic effect remains to be determined. 
The sole indication for use of probenecid in 
chronic gout, at present, is as a uricosuric agent. 
As such it is exceedingly potent. A single orally 
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administered 2 gm. dose rapidly increases urate 
clearance, to a mean peak approximately four- 
fold, as a result of marked and highly selective 
suppression of tubular reabsorption of urate;'* 
this uricosuric effect persists for some twenty- 
four hours. The mean daily increase in urinary 
urate excretion in the first week of administra- 
tion is 46 per cent to 67 per cent, depending 


upon dosage.*?:** A rapid and sharp decline in 


serum urate, to almost half of the pre-medica- 
tion level with appropriate dosage, usually 
ensues and serum urate concentrations ap- 
proaching the normal can ordinarily be main- 
tained, apparently indefinitely, by continued 
In effective uricosuric dosage 
levels the incidence of significant side reactions 
and toxicity appears thus far to be so low as to 
make protracted daily administration entirely 


a 
| 
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feasible.*?-** In this respect probenecid was 
found to be distinctly superior to salicylates, 
carinamide, cinchophen and its derivatives, 
ACTH and other uricosuric agents we have 
tested.‘ 

By reason of conservatism in the use of a new 
drug of unknown long range toxicity, it is our 
present policy to reserve regular administration 
of probenecid for those patients with chronic 
gout who have already developed tophi, per- 
sistent stiffness of the joints or other indication 
of clinically significant deposition of urate in 
the tissues. We have had forty such patients on 
a regular daily regimen of probenecid for periods 
of six months to two years; this is usually com- 
bined with regular colchicine prophylaxis and 
a restrictive diet. The optimum dose ordinarily 
is in the range of 1.0 to 2.0 gm. ‘wager 97° of 
the individual dosage depending upon several 
factors. The first is the degree of uricosuric 
response obtained, as measured by the effect 
on urine and serum urate on a constant low 
purine, low fat, restricted protein (50 to 80 gm./ 
day) diet, as compared with control premedica- 
tion levels on the same diet. The second is the 
objective of uricosuric therapy: if this is prophy- 
lactic, to prevent new tophi from forming, the 
minimum effective dosage is employed, usually 
0.5 to 1.0 gm.; if it is intended to mobilize 
established deposits as expeditiously as possible, 
the maximum tolerated dosage is employed, 
usually 2.0 to 3.0 gm. Other factors entering 
into considerations of dosage are (1) the latitude 
of diet, larger doses being employed to cover 
more generous intake of urate precursors, much 
in the manner of the use of insulin in diabetes; 
(2) the degree of renal damage, larger doses 
often being required to produce and maintain 
significant uricosuria and satisfactory serum 
urate levels in the face of severe renal impair- 
ment; (3) allergic reactions to the drug, which 
may require reduction of dosage or complete 
withdrawal of the drug (two of our cases). When 
there is a history of urate calculi or the uricosuric 
response is unusually marked, small doses are 
employed, with caution, together with large 
fluid intake and an inizing salt; and in 
general a high intake of fluids is recommended. 
A tendency to provoke acute attacks in the first 
days or weeks of probenecid administration 
should be taken into account. Salicylates should 
not be given concomitantly with probenecid 
because the uricosuric effect is nullified.**-** 

Although lowered serum urate levels ordinarily 
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can be maintained apparently indefinitely by 
continued probenecid administration, the uri- 
cosuric effect is demonstrable, on a fixed diet, 
only so long as mobilizable urate stores remain 
in the body. The quantity of excess urate 
initially present in the tissues and extracellular 
fluid therefore largely determines the duration 
of response. In normal subjects this is a matter 
of only a day or two; in less advanced tophace- 
ous gout a significant increase in urinary urate 
excretion above control premedication levels is 
obtained for weeks or months; in more severe 
cases this persists for months or years.**:** It is 
our present practice to interrupt probenecid 
administration temporarily when the mobiliza- 
ble body stores are depleted—just as mercurial 
diuretics are discontinued temporarily when the 
mobilizable edema fluid of tissues is exhausted. 

To date we have observed ten patients with 
tophaceous gout in whom new tophi had ap- 
peared with some regularity in prior years and 
in no instance over periods of six months to two 
years have new tophi developed or old tophi 
significantly increased in size once the treatment 
was fairly instituted and so long as it was regu- 
larly maintained. Indeed, the indications are 
that tophaceous deposits can be extensively, if 
slowly, mobilized by such a regimen. This is 
evident from the quantity of excess urate re- 
covered in the urine (more than 100 gm. in one 
case so far), the general relaxation of joint 
stiffness, swelling and disability in chronic gouty 
arthritis,***5 the drying up of fistulating and 
discharging tophi, the shrinkage and occasional 
complete disappearance of visible tophi*®*" and, 
in roentgenograms, the diminution in size of 
soft tissue shadows attributable to urate deposits. 
Figures 1 and 2 illustrate the most striking suc- 
cess we have had in this respect so far, chiefly by 
use of large doses of salicylates.*” 

A pertinent question in connection with such 
use of probenecid relates to its long-term effects 
on the gouty kidney. So far, apart from fleeting 
colic due to flooding of the collecting ducts with 
urate as a result of overzealous dosage coupled 
with inadequate intake of fluids and alkali, no 
deleterious effects such as increase in serum non- 
protein nitrogen, albuminuria or urinary excre- 
tion of formed elements have been observed. 
The suppression of tubular transport mechanisms 
for urate is transient and apparently wholly 
reversible, ceasing altogether within a day or 
two of discontinuance of the drug. Probenecid 
may, in fact, have some beneficial effect on the 
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Fic. 1. Case A. G. A, before treatment; B, after one year of regular uricosuric 
therapy, for the most part with 5 gm. salicylates daily. 


gouty kidney inasmuch as urate deposits may 
be mobilized from the kidneys as well as else- 
where; and diminution of tubular reabsorption 
of urate, while placing an extra load on the 
collecting tubules, should diminish the possi- 
bility of proximal tubular damage and _ inter- 
stitial infiltration. In regard to bone marrow 
depression and hepatotoxicity, no significant 
damage has yet been reported. 
DIETARY RESTRICTION IN GOUT 

It is impossible to contain purine formation 
completely by manipulation of the diet alone, 
since uric acid and other purines are elaborated 
for the most part by biosynthesis from simple 
nitrogen and carbon precursors derived from 
dietary proteins, fats and carbohydrates, as well 
as by degradation of preformed purines. Never- 
theless, the composition of the diet is an impor- 
tant factor in regulating the magnitude of 
purine formation and excretion, and is therefore 
a significant consideration in management. 

Ingestion of purine-rich foods markedly in- 
creases the purine load, as indicated by en- 
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hanced urinary excretion of urate in normal and 
gouty subjects (as much as 100 per cent if taken 
in large amounts) and by significant elevation 
of the serum urate. Meats, fish and fowl, if taken 
in sufficient quantity, also cause an appreciable 
rise in urate production, in part due to their 
content of preformed nucleotides. Nitrogen 
sources free of preformed purines contribute 
significantly less to urate formation but the 
effect is distinct if given in large amounts.** 
Diets high in fat but low in carbohydrate and 
protein also influence purine metabolism but 
chiefly at the renal level, causing a sharp decline 
in urinary urate excretion with a concomitant 
rise in serum rate.***° High carbohydrate diets 
cause little or no measurable increase in urinary 
urate excretion. 

In applying these basic facts to the regulation 
of diet in gout there is, as in the case of drugs, a 
dichotomy of purpose. One objective is to avoid 
precipitation of acute attacks, insofar as these 
are attributable to dietary indiscretions; the 
other is to minimize, as much as possible, the 
general trend toward insidious deposition of 
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Fic. 2. Case A. G. A, before treatment, showing large urate deposits in soft tissues 


at base of great toe, with “punched out” areas; B, marked diminution of urate 
deposits in the soft tissues and some sclerosis of “‘punched out” areas. 


urate in the tissues. The two objectives cannot 
be wholly dissociated, of course, but they are not 
identical in principle or in practice. In both 
instances judgment as to the efficacy of dietary 
regulation is exceedingly difficult. 

From time immemorial, overindulgence in 
food and alcohol has been regarded as a pre- 
cipitating cause of acute gouty arthritis, and 
with good reason. Certainly consistent with 
this view is the sharp decline in overt gout noted 
in England and on the Continent in association 
with wartime and post-war austerities. Most of 
our own patients are quite convinced that 
avoidance of foods rich in purines and fats, more 
of less complete abstinence in regard to alcoholic 
beverages, and limitation of intake of protein 
in the form of meat, fish or fowl do decrease the 
number and severity of attacks. On the other 
hand, frugal living is by no means always neces- 
sary and, indeed, some of our patients flout 
every regulation with apparent impunity. 
Moreover, our experience with really rigorous 
restriction of purines, proteins and fats in gout, 
for example by means of the Kempner rice-fruit 


regimen, would indicate a marked decline in 
but not complete suppression of seizures. It 
seems clear that the diet is only one of a host of 
factors involved, albeit an important one, and 
that, until more is known about the true under- 
lying causes of acute gouty arthritis, dietary 
management as a prophylactic measure must 
be empirical and should be varied according to 
individual requirements and tolerances. Obvi- 
ously, gluttony should be discountenanced. 
When specific dietary or alcoholic inciters of 
acute seizures are alleged, they are proscribed. 
Beyond this no rules can be said to be estab- 
lished. Our own policy at present is to begin 
with a more restrictive diet than some advise 
and may be necessary; in patients with a history 
of frequent recurrence of acute attacks this is 
coupled with regular colchicine prophylaxis as 
already described. The diet is then liberalized 
according to events. Patients soon establish 
their own level of dietary forbearance. In gen- 
eral, this is more Spartan than might be supposed. 
When the principal objective of dietary regu- 
lation is to minimize deposition of urate in the 
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TABLE IV 
a EFFECT OF INCREASED PROTEIN INTAKE ON URINARY AND SERUM URATE LEVELS IN EIGHT GOUTY AND 
TWO NON-GOUTY INDIVIDUALS 


Uri 
Case Renal Status Uric 
Known (mg./24 hr.) 


: tion of | Tophi Remarks 
Gout a PSP In- In- 

Name and| (yr.) Protein- — Basal | creased | Basal | creased 

No. he NPN Diet 


tion Protein 
(mg. %)) (2 hr.) Diet Diet 


1|Lc,4 | 2 0 0 33 .. | 12 | 1305 | 9.0| 8.8 | Basal diet: 70 gm. protein, no meat; 

2 | D.R., 36 9 0 0 34 - 689 990 10.3 10.5 | Basal diet: 70 in, no meat; for 
70 gm. protein, 

3 |D.R., 29 2 0 0 34 60 667 1000 6.8 9.4 | Basal diet: 50 gm. protein, no meat; 


4 | EB. E., 29 3 0 0 40 60 522 622 8.0 9.2 | Basal diet: 70 gm. protein, no meat; 


e 5 |O.G., 49 5 0 + to++ 45 50 380 620 | 10.0 9.8 | Basal diet: 60 gm. protein, no meat; 


6 | V. P., 60 20 j++++)| Trace 62-92 33 198 202 | 10.5 | 11.0 | Basal diet: 60 gm. protein, | 


4 


t 


7 | M. K., 68 355 i++++| Trace 40 34 810 852 | .... cece 


8 |G. B., 64 16 |++++/++0+++/ 59 39 ies ne 8.4 9.6 | Basal diet: 50-60 protein, no meat; 
cardio- 
9 | E. 32 552 ... | Normal ject; basal diet: 


10 | D.S., 50 530 726 4.1 4.2 | Chronic rheumatoid arthritis with 


DECEMBER, 1952 


intake about m. 
/day; in — of good renal eae 
retention of urate in the serum occurred 
3 following prolonged high protein intake 
ided mode meat portions once 
daily for weeks, protein intake about 
100 gm./day; in spite of good renal 
function, the increased urate excretion 
could not counterbalance the increased 
protein intake, resulting in increase of 
serum urate level 
Idec moderate meat portions once 
no meat; 
in 
serum urate 
Diet same as Case 6; marked protcin- 
uria; increased protein intake did not 
cause further imcrease in uric acid 
excretion, serum urate not determined 
protein 40 gm., no meat; inc ze 
protein intake to 80 gm. day, with- 
out adding meat, for (cf. 
Case 2) 
Cases 5, 6 and 7; imcreased urinary 
excretion of uric acid without rise in 
| | | serum urate level 
a 
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tissues in tophaceous gout, we begin with a more 
restrictive basic diet low in purines, poor in fat 
and limited in proteins (50 to 75 gm./day). 
This consists chiefly of cereals, grain products, 
eggs, cheese, milk, non-leguminous vegetables 
and fruits; but in most instances the basic diet 

1.0 


Serum urate on restricted diet (mg. %) 


Serum urate on regular diet (mg. %) 
Fic. 3. Effect of dietary restriction (low purine, 
low fat, protein limited to 50 to 75 gm./day) on 
serum urate levels in seventy-one gouty subjects. 
Points falling below the “no change” diagonal 
reflect a decline in serum urate level in the 
amount indicated by reference to figures on 
can subsequently be liberalized somewhat, 
particularly if uricosuric agents are regularly 
administered, by addition of small portions of 
meats, fish or fowl several times each week, 
occasionally once daily. The effects of such a 


diet on the rate of urate deposition in the tissues. 


cannot be measured directly by ordinary 
methods but are reflected in the urinary urate 
excretion and in the serum urate level. The 
urinary urate excretion shows a decline of about 
200 to 300 mg./twenty-four hours. Serum urate 
levels show a general downward trend (Fig. 3), 
the mean fall being 1.2 mg. per cent, with 
declines in excess of 3 mg. per cent in occasional 
instances. The evidence, while indirect, implies 
a modest but significant lowering of urate pro- 
duction. Conjoint use of a uricosuric agent, 
however, makes for much more effective nega- 
tive urate balance. 

The efficiency of the kidneys i in clearing urate 
from the plasma plays a decisive role in deter- 
mining the effect of diet on urate balance. If the 
extra urate load resulting from dietary excesses 
can be excreted in its entirety, none is retained 
in the tissues; if not, the extracellular fluid 
content of urate rises (Table rv) and that portion 
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of the extra load not excreted presumably is 

largely deposited in the tissues. It is to the steady 

accumulation of such increments over the years 

that development of the deformities and disabili- 

ties of chronic gouty arthritis may be ascribed. 
SUMMARY 


1. Present knowledge concerning the funda- 
mental nature of the gouty trait, the causes of 
acute gouty arthritis and the pathogenesis of 
chronic tophaceous gout, is reviewed. 

2. The regulation of gout involves two more 
or less distinct problems: (1) prevention and 
suppression of attacks of acute gouty arthritis, 
which are not attributable to urate per se but to 
unknown causes; (2) prevention and mobiliza- 
tion of tophi, which represent excessive urate 
deposition in the tissues. Each problem requires 
specifically oriented management. Current prin- 
ciples of such management are outlined. 

3. The three uses of colchicine, to terminate 
established attacks of acute gouty arthritis, to 
abort impending attacks, and as a prophylactic 
agent to prevent seizures in intercritical periods, 
are described and the results of each usage 
analyzed. The advantages of regular colchicine 
prophylaxis are stressed. 

4. The use of corticotropin (ACTH) in acute 
gouty arthritis is described and the results in 
forty cases are presented. ACTH is usually 
effective if given in adequate dosage properly 
scheduled. 

5. The use of phenylbutazone (butazolidine) 
in acute gouty arthritis is described and the 
results in twenty cases are presented. Adminis- 
tration is simple and relief is rapid and effective 
in most cases. Toxicity is low in short-term 
therapy. 

6. The use of probenecid (benemid) as a 
uricosuric agent in chronic tophaceous gout is 
described. Experience with forty gouty subjects 
given daily dosage for six months to two years 
indicates that formation of new tophi and en- 
largement of old tophi can be prevented. Urate 
deposits in the tissues can be mobilized, with 
relief of chronic joint disability and shrinkage 
of visible tophi. 

7. The conjoint use of restrictive diets to 
avoid precipitation of acute attacks and to 
minimize deposition of urate in the tissues is 
discussed. 


Acknowledgments: We are greatly indebted to 
Sharp and Dohme, Inc., for a generous supply 
of probenecid and to Geigy Company, Inc., for 
making phenylbutazone available to us. 


AMERICAN JOURNAL OF MEDICINE 


| 
| 
°> 
ere 


Principles of Management in Gout—Gutman, Yii 


1. Tarsott, J. H. Serum urate in relatives of gouty 
patients. J. Clin. Investigation, 19: 645, 1940. 

2. Suytu, C. J., Correrman, C. W. and Farysenc, 
R. H. The genetics of gout and hyperuricemia— 
an analysis of nineteen families. J. Clin. Investiga- 
tion, 27: 749, 1948. 

3. Stecner, R. M., Hersn, A. H. and Sotomon, W. M. 
The heredity of gout and its relationship to familial 
hyperuricemia. Ann. Int. Med., 31: 595, 1949. 

4. Yt, T. F. and Gutman, A. B. Unpublished data. 

5. Benepict, J. D., Rocne, M., Yt, T. F., Bren, E. J. 
Gutman, A. B. and Stretren, DeW., Jr. The 
incorporation of glycine nitrogen into uric acid 
in normal and gouty man. Metabolism, 1: 3, 1952. 

6. Sonne, J. C., Bucnanan, J. M. and Deiuva, A. M. 
Biological precursors of uric acid carbon. J. Biol. 
Chem., 166: 395, 1946. 

7. GreenBerc, G. R. De novo synthesis of hypoxan- 
thine via inosine- and inosine. J. Biol. 
Chem., 190: 611, 1951. 

8. ScHULMAN, M. P. and Bucuanan, J. M. 


Chem., 196: 513, 1952. 

9. BENEDICT, J. D., Wynoaarpen, J. B., Bren, E. J., 
Yu, T. F., Gutman, A. B. and STerren, DewW., Ir. 
Unpublished studies. 

10. Tarsott, J. H. Gout. New York, 1943. Oxford 
University Press. 

11. Frrepman, M. and Byers, S. O. Increased renal 
excretion of urate in young patients with gout. 
Am. J. Med., 9: 31, 1950. 

12. Smora J. H., YU, T. F. and Gutman, A. B. Un- 


published studies. 

13. Sota, J. H., Yt, T. F. and Gutman, A. B. Effect 
of benemid (p-(di-n-propyisulfamy!)-benzoic acid) 
on urate clearance and other discrete renal func- 
tions in gouty subjects. J. Clin. Investigation, 31: 
692, 1952 

14. Beruiner, R. W., Hizton, J. G., YU, T. F. and 
Kennepy, T. J., Jn. The renal mechanism for 
urate excretion in man. J. Clin. Investigation, 29: 
396, 1950. 

15. Smarn, H. W. The , Structure and Function 
in Health and Disease. New York, 1951. Oxford 
University Press. 

16. Rosinson, W. D., Conn, J. W., Brocx, W. D. and 
Louis, L. H. Role of the adrenal cortex in urate 
metabolism and in gout. Proc. Central Soc. Clin. 

21: 23, 1948. 

17. Heiman, L. Production of acute gouty arthritis by 
adrenocorticotropin. Science, 109: 280, 1949. 


corticotropic hormone (ACTH) in gout. Am. J. 
Med., 9: 24, 1950. 


19. Levin, M. H., Frep, L. and Bassett, S. H. Meta- 
bolic studies in gout. J. Clin. Endocrinol., 12: 506, 
1952. 

20. Woxrson, W. Q., Hunt, H. D., Levine, R., GuTer- 
MAN, H. S., Conen, C., Rosennerc, E. F., Hup- 
DLESTON, B. and Kapora, K. The transport and 
excretion of uric acid in man. v. A sex difference 
in urate metabolism. J. Clin. Endocrin., 9: 749, 
1949, 

21. Harxavy, J. Allergic factors in gout. J. A. M. A., 
139: 75, 1949. 


DECEMBER, 1952 


759 


22. Gutman, A. B. and YU, T. F. Gout, a derangement 
of metabolism. Advances Int. Med., vol. 5, 
1951. 

23. McCaaczzn, J. P., Owen, P. S. and Pratt, J. H. 


24. Benepict, J. D., P. H. and Sretten, 
DeW., Jn. The metabolism of uric acid in the 
normal and gouty human studied with the aid of 
isotopic uric acid. J. Biol. Chem., 181: 183, 1949. 

25. GuTMAN, A. B. Some recent advances in the study 
of uric acid metabolism and gout. Bull. New York 
Acad. Med., 27: 144, 1951. 

26. Conen, A. Gout. Am. J. M. Se., 192: 488, 1936. 

27. BarTe:s, E. C. Successful treatment of gout. Ann. Int. 
Med., 18: 21, 1943. 

28. Ho.iannper, J. L., Brown, E. M., Jr., Jessar, R. A. 
and Brown, C. Y. H and cortisone 
injected into arthritic joints. J. A. M. A., 147: 
1629, 1951. 

29. Woxrson, W. Q., Hunt, H. D., Conn, C., Rosinson, 
W. D. and Durr, I. F. ACTH and colchicine in 


Soc., 49: 1058, 1950. 

30. Woirson, W. Q., THompson, R. E., Rosinson, 
W. D., Durr, I. F., Conn, C., Lewis, L. and 
Hunt, H. D. The development, evaluation and 
clinical use of long-acting ACTH tions. 
Proc. Second Clinical ACTH Conf., 2: 1, 1951. 

31. Kuzeur, W. C., Scuarrarzicx, R. W., Brown, B. 
and Manx ez, E. A. Phenylbutazone (butazolidin) 
in rheumatoid arthritis and gout. J. A. M. A., 149: 
729, 1952. 

32. Gutman, A. B. In Combined Staff Clinic on uric 
acid metabolism and gout. Am. J. Med., 9: 799, 
1950. 

33. Gutman, A. B. and Yt, T. F. Benemid (p-(di-n- 
propylsulfamyl)-benzoic acid) as uricosuric agent 
in chronic gouty arthritis. 77. A. Am. Physicians, 
64: 279, 1951. . 

34. J. H., C., Norcross, B. M. and 
Lockie, L. M. The clinical and metabolic effects 
of benemid in patients with gout. Tr. A. Am. 

, 64: 372, 1951. 

35. Pascazz, L. R., Dusan, A. and Horrman, W. S. 
Therapeutic value of probenecid (benemid) in 
gout. J. A. M. A., 149: 1188, 1952. 

36. Borer, W. P. and Srrick.anp, S. C. Benemid: 
preliminary assessment of its toxicity in man. Tr. 

Tenth Veterans Administration, Army-Navy 


37. Yt, T. F. and Gutman, A. B. Mobilization of gouty 
tophi by protracted use of uricosuric agents. Am. 
J. Med., 11: 765, 1951. 

38. Menper, L. B. and Brown, E. W. The rate of 
elimination of uric acid in man. J. A. M. A., 49: 
896, 1907. 

39. Locxie, L. M. and Hussarp, R. S. Gout: changes 
in symptoms and purine metabolism produced by 
high fat diets in four gouty patients. J. A. M. A., 
104: 2072, 1935. 

40. D. and Exrenserc, M. Effect of 
carbohydrate and fat in the diet on uric acid 
excretion. J. Biol. Chem., 128: 379, 1939. 


REFERENCES 
" iver. J. Biel. ysiological considerations review of thera- 
= oe a peutic results in fifty-one attacks. J. Michigan M. 
Vonierence on ¢ nemo! py of lub Osis, 
Atlanta, Georgia, 1951. 
2 


Seminars on Gastrointestinal 


Physiology 


Problems in Ulcerative Colitis’ 


Tuomas E. MACHELLA, M.D. 
Philadelphia, Pennsylvania 


HRONiC idiopathic ulcerative colitis pre- 
sents many problems and they concern 
practically every aspect of the disease. 

In this article those of its etiology and its therapy 
are discussed; also, the incidence of malignant 
degeneration and the nature of associated 
extracolonic disturbances, including pregnancy. 


ETIOLOGY 


Among the major hypotheses advanced to 
account for the development of idiopathic 
ulcerative colitis are: infection, deficiency of a 
specific intestinal factor, excess lysozyme pro- 
duction, damage to the colonic mucosa by 
small intestinal proteolytic enzymes, allergy 
and emotional disturbances. 

Infection. The clinical picture, so frequently 
characterized by diarrhea and fever, as well as 
its pathologic characteristics strongly suggest an 
infectious etiology. It was natural, therefore, 
that attempts should be made to isolate a 
specific organism, and indeed a variety of 
bacteria, as well as other organisms, have been 
suspected as etiologic agents or at least of having 
some specific relationship. They include B. 
proteus, B. pyocyaneus, B. lactis aerogenes, B. 
mucosuscapsulatus, B. morgani, B necrophorum, 
beta hemolytic colon bacillus, ameba, histo- 
plasma and the fungus geotrichum, as well as a 
gram-positive diplococcus and the dysentery 
organisms. Of these the last two have stimulated 
the greatest amount of interest 

The similarities between bacillary dysentery 
and this type of ulcerative colitis led to numer- 
ous attempts to establish a relationship. In 1921 
Hurst®® presented the view that ulcerative 
colitis is a chronic form of bacillary dysentery 
and, indeed, dysentery organisms have been 
isolated from some cases of idiopathic ulcerative 


colitis. A survey of the literature up to 1944 by 
Felsen®? revealed that a form of B. dysenteriae 
had been isolated in from 2 to 60 per cent of the 
reported cases. In further support of a relation- 
ship between the two diseases Felsen*! cited an 
8.2 per cent incidence of chronic ulcerative 
colitis in 122 cases of bacillary dysentery. On 
the other hand, certain data would indicate 
that these diseases do not have a common eti- 
ology. These include isolation of a dysentery 
organism rarely,” or not at all,**-*!-18 in fairly 
large series of cases of ulcerative colitis; the 
lack of contagiousness of the disease (it is un- 
usual to find more than one case in a family); 
and, in a sixteen year follow-up of 102 cases of 
bacillary dysentery by Brown and Bargen,*‘ the 
discovery of only one case of ulcerative colitis. 

The claim of Bargen that a gram-positive 
diplococcus'? is the etiologic factor in this 
disease, particularly in the variety classified as 
type 1 “thrombo-ulcerative colitis,” has not 
been generally accepted despite the fact that 
some workers?’:®* have been able to isolate the 
diplococcus from a variable number of patients. 
Rafsky and Mannheim,'* who isolated the 
organism from 314 patients with miscellaneous 
diseases of the bowel, regarded it as a non- 
specific enterococcus. Paulson'*' and also Bas- 
sler'* were likewise able to isolate the organism 
from patients without, as well as with, ulcera- 
tive colitis. Hern,®*! Hurst,*4 and Gai- 
ther®* and others regarded the diplococcus as a 
secondary invader. It would seem, therefore, 
that the etiologic role of the gram-positive 
diplococcus in idiopathic ulcerative colitis has 
not been established. 

Deficiency Disease. The possibility that ulcera- 
tive colitis is a deficiency disease and that the 
responsible factor is the lack of an essential in- 


* From the Gastro-Intestinal Section (Kinsey-Thomas Foundation) of the Medical Clinic, Hospital of the University 
of Pennsylvania, Philadelphia, Pa. 


AMERICAN JOURNAL OF MEDICINE 


760 

| 


Problems in Ulcerative Colitis—Machella 761 


gredient of gastrointestinal wall was proposed 
in 1945 by Gill.“ He observed symptomatic 
improvement when he administered raw pig 
small intestine or a desiccated and defatted 
mucosal preparation. Others**!%? also ascribed 
beneficial results to the administration of prepa- 
rations of hog intestinal mucosa. However, 
other reports*®8¢.102,106,193 of therapy with 
preparations of hog duodenum were discourag- 
ing and cast doubt on the possibility that a 
deficiency of a substance normally present in 
pig intestine is responsible for the ulcerative 
disease. 

Ehrlick®* suggested that chronic idiopathic 
ulcerative colitis is due to a deficiency of an 
antiproteolytic enzyme in the colon. Such a 
deficiency, he believed, predisposes the colonic 
mucosa to autolysis by proteolytic enzymes 
delivered to the colon by a hypermotile small 
intestine. In support of his idea he cited the 
subsidence of edema, inflammation, spasm and 
ulceration when a hog stomach preparation was 
administered. The preparation was believed to 
contain a protective or antiproteolytic enzyme. 
Erlick’s idea is supported by the improvement 
which often occurs after ileostomy but does not 
explain satisfactorily the small intestinal in- 
volvement sometimes associated with the disease 
in the colon. 

Lysozyme. The observation of an increased 
concentration of lysozyme in the stools led 
Meyer et al.'*” to suggest that this enzyme was 
of etiologic importance in the disease. It was 
postulated that lysozyme removed the protective 
surface mucus from the colon by virtue of its 
mucolytic activity and favored ulceration of the 
denuded mucosa by indigenous bacterial flora. 
An increased concentration of lysozyme in the 
stools of ulcerative colitis patients was confirmed 
by others.7!!6 Grace and his associates’!7? 
furnished support to the hypothesis by showing 
striking and abrupt increases in the lysozyme 
titers of stools of such patients over short periods 
of time during anger, hostility, resentment and 
frustration, and prompt decreases with the onset 
of mental relaxation and calm. The above ob- 
servations stimulated a series of experiments 
in which attempts were made to produce 
ulcerative lesions by the administration of 
lysozyme. 

Meyer and his associates'** noted ulcerative 
lesions of the upper gastrointestinal tract of dogs 
following the oral administration of large 
amounts of lysozyme (1,500 units or more per 
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cc.). Their observations were confirmed by 
Prudden et al.’ for the canine colon when 
lysozyme was administered orally as well as 
intra-arterially. Additional support for the 
lysozyme hypothesis was furnished by Grace 
et al.”' who noted circumscribed areas of in- 
flammation and edema on the prolapsed mucous 
membrane of a colostomy of a patient with 
ulcerative colitis following the application of 
human tears (600 units of lysozyme per cc.) for 
a period of twenty-four hours 

Nickel et al.,'47 however, employing a some- 
what different technic from that of Prudden 
et al.'® were unable to confirm the latter’s 
findings. They prepared isolated loops of colon 
in a manner similar to that of a colostomy in 
three dogs, instilled into them 4 to 5 cc. of a 
10 per cent solution of lysozyme crystals in 
saline daily for a period of one to two weeks. 
Two other animals, prepared similarly, were 
given daily instillations of lysozyme plus ma- 
terial drained from the ileostomy openings of 
ulcerative colitis patients. In neither set of 
animals were persistent ulcerations observed. 
Although inflammation and superficial erosions 
were noted in both groups, they were transient 
and disappeared despite subsequent repeated 
instillations. Moeller et al.,'4* furthermore, 
were not able to demonstrate any alterations in 
the mucous membrane of ileocolic pouches of 
dogs following prolonged exposure to high con- 
centrations of lysozyme. They used much higher 
concentrations than those found in the feces of 
patients with severe ulcerative colitis. 

Certain observations have suggested that the 
increased lysozyme content of the stools during 
the active phase of ulcerative colitis is corollary 
rather than etiologic. These include the finding 
of large amounts of lysozyme in granulation 
tissue,** the demonstration of the ability of 
some bacteria to produce small amounts of 
lysozyme, and the evidence presented by 
Sammons?® to the effect that the source of — 
lysozyme in ulcerative colitis patients may be 
pus cells. Especially disturbing to the lysozyme 
hypothesis have been the observations of Glass 
et al. who were not able to demonstrate any 
mucolytic action of lysozyme in vitro on colonic 
mucus, and who inferred that, whatever the 
consequences of increased lysozyme secretion 
in ulcerative colitis might be, they do not in- 
clude digestion of the protective mucous coating 
of the colon. 

The lack of spectacular beneficial therapeutic 
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results from the administration!®*:!***18 of anti- 
lysoyme agents in ulcerative colitis likewise has 
failed to support an etiologic role for lysozyme. 
Furthermore, the administration of an aerosol 
detergent and the consequent decreased fecal 
lysozyme titer were not associated with any 
_ change in the clinical course of the disease in 
the experience of Reifenstein et al.'** 

Role of Pancreatic Enzymes. The possibility 
that proteolytic enzymes of the upper gastroin- 
testinal tract might be of importance in the 
etiology was suggested by Portis et al.'®* who 
observed damage to the colonic mucosa of dogs 
following the instillation of a solution of 2 per 
cent trypsin into the colon. This possibility, 
however, has not been supported by such ob- 
servations as: (1) failure to find any alterations 
in a loop of colonic mucosa transposed into the 
duodenum of dogs just beyond the ampulla of 
Vater over a period of time varying from two 
weeks to ten months,!!* (2) inability to demon- 
strate an increased pancreatic enzyme concen- 
tration of aspirated duodenal juice in thirteen 
patients with ulcerative colitis by means of a 
secretin test!!* and (3) the report®® of ulcerative 
colitis developing in a patient with chronic 
relapsing pancreatitis of years’ duration in 
whom the secretin test revealed a deficient 
pancreatic secretion. 

Allergy. An etiologic role for allergy in 
ulcerative colitis was proposed by Andresen‘ ® 
and stressed by Rowe.'”*:!"° They based their 
opinion on the favorable results when food 
allergy was taken into consideration in the 
management of the disease. The allergy hypo- 
thesis received some support from the observa- 
tions of Gray et al.™75 and Walzer et al.?% 
which indicated that an atopic reagin may be 
located or fixed in the colonic mucosa to permit 
a specific antigen acting locally to produce an 
inflammatory reaction. Gray”* as well as others 
have pointed out that a local a allergy 
may be concerned. 

The importance of food sleney | in ulcerative 
colitis has been variously assessed. Andresen® 
believed food allergy was responsible in at least 
66 per cent of his cases. Mackie!** encountered 
allergic reactions to food in 60 per cent of 200 
cases at one time or another in the course of the 
colitis. Bassler’? found food allergy to be of 
significance in only about 20 per cent of his 

patients. Paulley'®* found a slightly higher inci- 
& dence of those diseases regarded by some as 
allergic in the past histories of colitis patients 
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and their families than among controls. He 
believed this could be expected in view of the 
belief by some that allergic disorders are con- 
ditioned by emotional factors. Kiefer’ was not 
enthusiastic about his results with the Rowe 
diet prescribed for short periods, or with those 
following the administration of benadryl. Col- 
lins and Pritchett*' did not find food allergy a 
common cause of the disease but found that 
allergic management was helpful. 

_ It would appear that food allergy has not been 
established as the cause of ulcerative colitis, 
although most workers agree that food allergy 
can occur in the disease and that when it does it 
is of importance in the management of the 
patient. 

Recently, Levine et al.''* suggested that con- 
nective tissue lesions in the bowel strongly indi- 
cate that ulcerative colitis is a collagen disease, 
possibly related to the hypersensitivity state. 
The occurrence of arthritis, erythema nodosum 
and glomerulitis as complications were regarded 
as confirmatory. The occurrence of ulcerative 
lesions in the colon of patients with polyarteri- 
tis,2"® as well as in association with erythema 
multiforme*’ has been noted. 

Role of the Psyche. The role of the psyche in 
ulcerative colitis was emphasized in 1930 by 
Murray'*® and shortly thereafter by Sullivan 
and Chandler.'®® Very little prominence was 
given to this factor during the era of the sul- 
fonamides and advent of antibiotics; however, 
as the early enthusiasm attending the use of 
these agents was replaced by disappointment, 
increasing attention has been paid to the role 
of emotional factors. 116,129, 148, 
156,161,162, 184,186, 196,214 Careful studies have re- 
vealed characteristic personality traits and im- 
pressive relationships between emotional stress 
and the onset of disease and the occurrence of 
relapses. Furthermore, the disease has responded 
to psychotherapy when other measures have 
failed. The results of skillful psychotherapy in 
the hands of Groen and Bastiaans’* have been 
more impressive than those with many other 
therapeutic regimens not intentionally psycho- 
therapeutic in approach. 

Considerable support for the role of emotions 
has been furnished by observations on the ap- 
pearance of the colonic mucosa in response to 
emotional states. In general it has been found 
that during phases of anger, resentment or 
hostility the mucosa becomes hyperemic, en- 
gorged and hyperactive, while during periods 


AMERICAN JOURNAL OF MEDICINE 


Problems in Ulcerative Colitis—Machella 


of relative calm and tranquility it is pale and 
the bowel relatively inactive.’**"! Pain, fear and 
anxiety produce pallor of the mucosa and in- 
hibition of motility"? while embarrassment 
causes flushing.?!? 

The mechanism by which such emotional 
factors produce changes in the colonic mucosa 
of the ulcerative colitis patient is not clear. 
Certain observations, however, indicate that the 
autonomic nervous system is intimately con- 
cerned. That its parasympathetic division is 
involved is strongly suggested by the observation 
of changes similar to those reported for the 
human in response to anger, resentment and 
hostility’?:?"! following stimulation of the para- 
sympathetic nerve supply of the colon*® of ex- 
perimental animals or following administration 
of the parasympathomimetic drugs mecholy]l,?"° 
acetyl choline and prostigmine.'*’ Such ob- 
servations suggest that parasympathetic in- 
fluences are primarily excitatory to the bowel 
and when operative for prolonged periods, as 
in the case of mecholyl,”"® may produce changes 
similar to those found in the colon of the 
ulcerative colitis patient. 

Certain observations, however, indicate that 
the sympathetic innervation of the colon also 
may contain excitatory effector fibers. For 
example, Schlitt et al.'*? found that neither 
sacral parasympathectomy nor vagotomy pro- 
duced any detectable change in either the basic 
colonic motility or in the response of the colon 
to external stimuli such as pain and hunger. It 
was only after combined sympathectomy and 
sacral parasympathectomy that distinctly dif- 
ferent wave patterns were observed. Their 
observations are in accord with the conclusions 
previously reached by Wells et al.*°* whose work 
cast doubt on the generally accepted antago- 
nism of the two effector components of the 
autonomic nervous system in relation to the 
gastrointestinal tract. As a matter of fact, in 
some instances® stimulation of the sympathetics 


has produced predominantly motor responses. 


The reaction occurring in a colon as a result of 
emotional stimuli could therefore very well 
depend not only on the nature, intensity and 
duration of the stimulus but also on the relative 
influences of the two effector divisions of the 
autonomic nervous system. Thus, differences in 
stimuli and in the response of individuals might 
account for the occurrence of ulcerative colitis 
in one patient and of “spastic” or “irritable” 
colon in another. 
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THERAPY 


‘In this section the results of treatment of 
ulcerative colitis with a variety of regimens are 
reviewed. They include the use of the sulfona- 
mides, antibiotics, preparations of hog stomach 
and intestine, cortisone, corticotropin, psycho- | 
therapy and various miscellaneous agents. 

Sulfonamides and Antibiotics. In view of the 
fact that infection in ulcerative colitis has been 
emphasized as of primary etiologic significance 
as well as being a secondary factor in main- 
taining and accentuating the disease, the advent 
of the sulfonamides and antibiotics suggested 
that they might be of value in treatment. The 
incidence of good results from sulfonamide com- 
pounds in 1,275 cases summarized in Table 1 is 
57.7 per cent, and for antibiotics in the 167 
cases contained in Table m is 61.6 per cent. 
The results are comparable in some instances to 
those obtained from measures not directed 
primarily at infection. The fact that they are 
not any better is not surprising in view of the 
fact that an infectious etiology in non-specific 
ulcerative colitis has not been established. 

Some authors, accepting the fact that a 
bacterial etiology in ulcerative colitis-has not 
been established, nevertheless persist in pre- 
scribing sulfonamides or antibiotics in its 
treatment. They do so in an attempt to depress 
the bacterial flora of the colon, believing that 
this may benefit the patient. The role of the 
bacterial flora of the colon in the maintenance 
or accentuation of the disease is difficult to 
assess. Certain data would indicate that it is not 
an important one. For, when appropriate bac- 
teriologic studies are made there is a lack of 
correlation between changes in the fecal flora 
brought about by the various antibacterial 
agents and the clinical course of the disease.'* 
150,174,187,216 Furthermore, careful studies such 
as those of Marshall et al.'** have revealed that 
although the bacterial flora of the feces could be 
altered temporarily by sulfonamides, after a 
time it resembled that of the untreated patient 
in type and quantity. They also demonstrated 
that a fecal bacterial population resistant to the 
antibiotics developed more or less rapidly after 
continued administration. 

On the basis of the data presented there 
would appear to be, in the opinion of the writer, 
little or no place for the use of sulfonamides or 
antibiotics in the management of ulcerative 
colitis unless a suppurative complication threat- 
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TABLE I 
SUMMARY OF MAJOR REPORTS ON THE USE OF SULFONAMIDES IN THE TREATMENT OF ULCERATIVE COLITIS 
Total 
No. of | No. of | Ged 
Compound Reports | Patients Results References 
Treated | 
Neoprontosil...................0..000: 40 86 | 37 11, 21, 101, 188 
EES 5 78 | 36 32, 43, 60, 101, 188 
3 85 | 40 19, 141, 188 
Ng 3 87 65 130, 139, 213 
hen 2 79 45 101, 141 
Sulfaguanidine......................-. 7 215 | 44 3, 19, 29, 101, 105, 141, 187 
Sulfasuxidine...................0..000. 5 260 | 64 19, 33, 38, 101, 188 
Sulfaphthalidine....................... 6 164 75 6, 14, 19, 101, 158, 188 
Sodium phthalyl sulfacetamide........... 1 _ 28 64 89 
4 193 77 15, 92, 144, 198 
TABLE 1 
SUMMARY OF MAJOR REPORTS ON THE USE OF ANTIBIOTICS IN THE TREATMENT OF ULCERATIVE COLITIS 
No. of Good 
Antibiotic No. of | Patients |; Results References 
Reports | Treated (%) 
Penicillin (intramuscular).............. 10 37 43 10, 19, 36, 51, 81, 84, 100, 101, 110, 122 
Penicillin (oral)....................... | 45 100 191 
9 42 31 19, 35, 39, 48, 101, 104, 115, 216 
Chloramphenicol..................... 1 24 67 18 
Tyrothrycin....... 1 6 100 190 
TABLE Il 


SUMMARY OF RESULTS OF THE USE OF PREPARATIONS OF HOG STOMACH AND INTESTINE 
IN ULCERATIVE COLITIS 


No. of Good 
Author Preparation of Hog’s | Patients; Results page agg 

Treated (%) 
Haskell and Friedman, 1948.............. Small intestine 27 
Duodenum Small | ....... Rather disappointing 
Kiefer, 0% Intestine or duodenum | Small |_ ....... Not impressed 
Duodenum Small ...... . | Results were nil 


AMERICAN JOURNAL OF MEDICINE 


! 

a 


Problems in Ulcerative Colitis—Machella 


ens or exists. Their unrestricted use may even be 
deleterious as they may cause undesirable side 
effects. Recently, aureomycin and terramycin*®® 
have been observed to cause colitis severe enough 
to resemble ulcerative colitis clinically, sig- 
moidoscopically and roentgenologically. 

TABLE 


SUMMARY OF RESULTS OF TREATMENT OF ULCERATIVE 
COLITIS WITH ANTI-LYSOZYME AGENTS 


No. of | Good 
Author Agent Patients | Results 
Treated | (%) 
Major, 1946.............. Nisulfazole 37 91 
Nisulfazole 24 60 
Meyer and Prudden, 1949. .| Nisulfazole 26 65 
Prudden, 1950............ Sodium hexadecyl- 18 66 
sulfate 
Reifenstein et al., 1950... .. Aerosol detergent 6 0 
Lobstein et al.. 1952....... RD 11 10 3 


Preparations of Hog Stomach and Intestine. The 
results of administration of various preparations 
of hog stomach and intestine in ulcerative 
colitis patients are summarized in Table m1. 
Favorable responses were obtained in from 52 
to 81 per cent of 104 cases depending on the 
criteria used in judging the effectiveness of 
therapy. The results obtained when a prepara- 
tion of hog duodenum was administered were 
disappointing. (Table mm.) Whereas mild cases 
were seemingly benefited, no improvement was 
observed in those who were moderately or 
severely ill.*¢:193 

Anti-lysozyme Agents. Results from the ad- 
ministration of various anti-lysozyme agents 
are summarized in Table rv. In a total of 121 
cases treated the incidence of “‘good” results was 
65.9 per cent. Such an incidence is about what 
would be expected from any form of non- 
specific therapy. 

Corticotropin and Cortisone. The occurrence of 
joint manifestations and erythema nodosum in 
some ulcerative colitis patients led to the trial 
of cortisone and ACTH in the disease. Addi- 
tional rationale for expecting that the com- 
pounds might be beneficial includes the finding 
of decreased urinary excretion of 17-ketosteroids 
indicating a low level of adrenal activity.'5?:'® 
A summary of the recorded cases treated with 
cortisone is contained in Table v and with 
ACTH in Table v1. Good results were obtained 
in 44 per cent of twenty-five patients treated 
with cortisone and in 67.5 per cent of 117 cases 
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treated with ACTH. The data appear to indi- 
cate that ACTH is more effective than corti- 
sone. This may be due in part to the fact that 
fewer patients have been treated with cortisone. 
It would seem also that in some instances insuf- 
ficient amounts of cortisone were administered. 


F TABLE V 
SUMMARY OF RESULTS OF CORTISONE THERAPY 
IN ULCERATIVE COLITIS 


No. of No. of 
Author Patients | Patients 
Treated | Benefited 
Dearing and Brown, 1950....... 4 2 
Machella and Hollan, 1950..... 3 2 
Kirsner and Palmer, 1951....... 5 1 
McKell et al., 1951............ 1 1 
Milanes et al., 1951............. 2 2 
5 0 
Gray et al., 1952.............. 5* 3 
Total No. of Cases. .......... 25 11 
* Five episodes in three patients. 
TABLE VI 
SUMMARY OF RESULTS OF ACTH THERAPY IN ULCERATIVE 
COLITIS 
No. of No. of 
Author Patients | Patients 
Treated | Benefited 
Dearing and Brown, 1950....... 1 0 
Dutoit and Bauer, 1950........ 2 2 
Randolph, 1950............... 1 1 
Caroll et al., 1951............. 6 5 
Elliott et al., 1951............. 33 21 
Halstead et al., 1951........... 15 9 
Kirsner and Palmer, 1951....... 40 27 
Milanes et al., 1951............ 5 5 
Renold et al., 1951............ 1 1 
Rossmiller et al., 1951.......... 5 1 
Gray et al., 1952. ............. 8 7 
Total No. of Cases. .........- 117 79 


When improvement occurs in response to 
either ACTH or cortisone, it usually takes place 
promptly and is characterized by an increased 
sense of well being (at times amounting to 
euphoria), cessation of fever, development of an 
excellent appetite and gradual subsidence of 
diarrhea. Erythema nodosum and arthritic 
manifestations promptly disappear. Roentgen 
and sigmoidoscopic evidence of improvement 


a 
v 
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are not observed unless the remission induced 
has been of sufficient duration, just as is the case 
when a remission follows any other therapy. 
Lahey"? has been so impressed with the ability 
of ACTH to induce remission in ulcerative 
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remission. If the emotional problems have not 
been ‘solved, the duration of the remission may 
be prolonged by gradually decreasing the dosage 
until an effective maintenance level has been 
reached. If a relapse on the maintenance level 


colitis that he believes its use has made it un- _ occurs, the dosage should be promptly increased. 
TABLE VII 
SUMMARY OF RESULTS OF MISCELLANEOUS THERAPY 
No. of No. of 
Therapy Patients | Patients gr ‘a 
Treated | Improved 

Arsenic, oral and parenteral... 2 2 204 

Enemas, retention of aluminum hydroxide and kaolin.............. 6 6 58 
Hyperalimentation (intravenous).....................-.-20ee000: 14 10 152 
Neurectomy, pelvic 11 10 181 


* Paulley,'’* after a “sufficient” trial with thiouracil, believed that this compound had no advantage over other 


drugs or no drugs at all. 
necessary to perform ileostomy and colectomy 
during the acute stage when the mortality rate 
is high. 

Not all patients respond to ACTH or corti- 
sone. In the writer’s experience, largely con- 


fined to use of cortisone, those patients appear 


to be benefited who are debilitated, those in 
whom the initial total circulating eosinophils 
are very low, and those who have associated 
small intestinal involvement. Patients who are 
in good general physical condition, those with 
normal or high eosinophil counts which fail to 
fall when the compound is administered, and 
those with insurmountable emotional factors 
have not, in general, responded. Either com- 
pound should not be expected to bring about a 
cure any more than one expects a cure in 
arthritis or in any of the other chronic diseases 
whose manifestations are relieved by the agents. 
A relapse may occur following discontinuation 
of treatment if the emotional factors concerned 
have not been satisfactorily handled during the 


Psychotherapy. Despite the fact that the im- 
portance of psychotherapy has been repeatedly 
emphasized in the treatment of ulcerative colitis, 
there are very few series of cases in which psycho- 
therapy alone has been used. (Table vu.) The 
results from psychotherapy alone are as good as 
or better than those obtained from many other 

The successful management of the emotional 
aspects of the ulcerative colitis patient calls for 
a sincere, understanding, helpful and sympa- 
thetic attitude not only on the part of the 
responsible physician but also on the part of all 
of the personnel who come in contact with the 
patient. He is frequently hostile and resentful, 
and tactless words or actions on the part of 
attendants may impede his progress. Many 
patients can be handled satisfactorily by the 
physician acting as his own psychiatrist, par- 
ticularly if his personality is such that he can 
instill confidence and arouse hope in a patient 
who has been subjected to emotional upheavals. 
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In other instances the aid of a trained psychiatrist 
may be essential. Whoever attempts to handle 
the emotional problems concerned must do so 
tactfully. Unskilled probing into responsible un- 
pleasant motivating mechanisms may at times 
precipitate an acute fulminating fatal episode 
or a severe reactive depression which has, on 
occasion, led to suicide. 

Miscellaneous Therapy. The results of treat- 
ment of ulcerative colitis with various drugs and 
therapeutic plans are summarized in Table vu. 
It will be noted that improvement has attended 
the use of a wide variety of agents and regimens. 
One of the reasons for this could very well be 
their psychotherapeutic value. As stated by 
Paulley,'*® the simplest form of psychotherapy 
is reassurance, and this is supplied an ulcerative 
colitis patient when he sees any doctor who 
makes an impression on him and in whom he 
has faith and confidence. If, at the same time, a 
new remedy is prescribed in a convincing man- 
ner the chances are good that the symptoms will 
remit temporarily. 


EXTRACOLONIC DISTURBANCES 
IN ULCERATIVE COLITIS 


The successful management of the ulcerative 
colitis patient must be individualized not only 
because of the particular emotional motivating 
factors concerned but also because of the dis- 
turbances which may exist outside the colon. 
These may be found in the stomach, small in- 
testine, liver, pancreas and kidneys, as well as 
other organs and tissues of the body. 

The appetite may be poor as a result of vita- 
min deficiency or an associated gastritis, and 
there may be nausea or vomiting as a conse- 
quence of functional gastroduodenal motor 
disturbances. 

The small intestine, as determined roent- 
genologically by Mackie and Pound,'*? may be 
the site of changes caused by edema of the 
mucosa. The normal motor activity may be dis- 
organized and the muscular tone reduced. These 
authors ascribed the changes to deficiency states 
as they were most marked and constantly 
present in those cases showing the most ad- 
vanced deficiency manifestations. The average 
small intestinal transport time in thirty-four of 
their thirty-seven cases for barium was found 
to be 3.8 (1 to 8) hours. Posey and Bargen'*’ 
also observed deficiency patterns in roentgeno- 
grams of the small bowel, as well as hyper- 
motility of the small and large intestine. Cum- 
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mins*? has demonstrated marked increases in 
the motor activity of the small intestine during 
stress interviews in the ulcerative colitis patients 
studied by him. 

Disturbances in small intestinal absorption 
may also be present. Elsom et al.** regarded the 
finding of abnormally large excretion of nitrogen 
in the ileal discharge of four of seven severely ill 
patients as indicating a defect in the digestive 
or absorptive function, or both, of the small 
intestine. The defect disappeared after clinical 
improvement occurred. More recently Uye- 
yama et al.?° found in a group of thirty ulcera- 
tive colitis cases a marked reduction in vitamin 
A absorption, an increased rate of absorption 
for galactose and a reduced absorption of 
methionine. Striking and consistent improve- 
ment in vitamin A absorption was noted 
following the administration of ACTH and 
cortisone. 

The small intestine in its entirety, or more 
frequently in varying lengths of its terminal 
portion, may be involved by an inflammatory 
or ulcerative process. The possibility of small 
intestinal involvement should be kept in mind 
especially when surgery is contemplated, other- 
wise the operative result may be unsatisfactory. 
Ileostomy performed in a diseased terminal 
ileum frequently means a prolonged convales- 
cence because of fistulas and abscesses. In fact, 
some surgeons”® regard the presence of an ileal 
lesion a contraindication to an operation 
designed to divert the fecal stream from the 
colon. Each patient should have his small in- 
testine studied by roentgen means not only as 
part of the original work-up but also shortly 
before surgery, if a long interval has elapsed 
between the original examination and the time 
when the surgery is to be performed. Evidence 
of small intestinal involvement may sometimes 
appear on subsequent examination. 

Varying degrees of hepatic insufficiency may 
occur in ulcerative colitis patients. Comfort et 
al. ve described four cases associated with hepatic 

One of them had evidence of 
biliary tract disease shortly prior to the onset 
of the colitis. Tumen et al.?® reported five cases 
of hepatic cirrhosis in a total of 151 cases of 
ulcerative colitis. Four of the five had clinical 
evidence of cirrhosis. Pollard and Block" also 
described four cases of cirrhosis associated with 
chronic ulcerative colitis. In two of them the 
colitis apparently preceded the cirrhosis. 

Ross and Swartz!’* analyzed twenty-seven 
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cases at necropsy for evidence of significant 
hepatic disease and believed that a definite 


trend toward hepatic insufficiency existed when | 


weight loss, anemia and activity of the ulcera- 
tive disease were marked and that the most 
significant indicator of such a trend was the 
finding of a low serum protein level and/or the 
tendency to reversal of the albumin-globulin 
ratio. The authors did not find a greater inci- 
dence of hepatic insufficiency in ulcerative 
colitis than was encountered in other diseases 
in which uncorrected factors of severe anemia, 
marked weight loss and/or negative nitrogen 
balance were present. Their analysis of the 
hepatic function surveys in a series of twenty 
patients with active disease led them to believe 
that in no instance did the pattern of liver 
function tests per se justify a diagnosis of latent 
liver disease. The most frequent findings were 
excessive urobilinogenuria and a low serum 
protein value or a tendency to reversal of the 
albumin-globulin ratio or both. They en- 
countered no chemical or clinical jaundice, no 
abnormal alkaline phosphatase values and no 
positive cephalin flocculation tests. The lowest 
prothrombin level was 56 per cent. Retention 
of bromsulphalein dye, grades 4, 2 and 1, was 
observed in three patients. On the other hand, 
Pollard and Block"‘ found that the bromsulpha- 
lein and cephalin-cholesterol flocculation tests, 
prothrombin determination and serum protein 
values indicated hepatic insufficiency in ap- 
proximately 50 per cent of their seventy cases. 
They found histologic evidence of a hepatic 
pathologic process in eleven of seventeen cases 
studied postmortem. Degenerative fatty in- 
filtration was most common and definite cir- 
rhosis was present in two instances. The authors 
believed that hepatic insufficiency in association 
with ulcerative colitis probably has its origin in 
fatty changes in the liver which occur as a conse- 
quence of severe malnutrition or toxemia or both. 

Evidence of interstitial pancreatitis was found 
by Ball et al.* in 53 per cent of eighty-six cases 
of active chronic ulcerative colitis in which 
necropsies were performed. The interstitial pan- 
creatitis was acute in two instances and chronic 
in forty-four. In the latter group the process was 
severe in five, moderate in seventeen and mild 
in twenty-two. In addition to the forty-six cases 
of interstitial pancreatitis there were eleven 
cases in which definite pancreatic fibrosis and 
acinar atrophy were present. Pancreatic acinar 
dilation was found in forty-six cases. The inci- 
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dence of the lesions was far in excess of those 
found in a control group of eighty-six cases in 
which necropsy was performed and ulcerative 
colitis was not present. Fatty infiltration of the 
liver commonly accompanied pancreatic disease 
in the colitis cases. There were no clinical signs 
of pancreatic disease in the course of the ulcera- 
tive colitis. 

Evidence of renal tubular degeneration and 
necrosis was found by Jensen et al.®* in fourteen 
of sixty cases of ulcerative colitis which came to 
necropsy. Calcium deposition was seen in the 
tubular epithelium of nine specimens. Four of 
the sixty cases had acute pyelonephritis. The 
authors, evaluating glomerular function in a 
group of sixteen patients as measured by urea 
clearance, found it to be definitely depressed in 
three patients and questionably depressed in 
six. The same authors*®* reported a case of 
amyloidosis associated with chronic ulcerative 
colitis and referred to two cases in the literature. 
They suggested that the diagnosis of amyloidosis 
in the presence of ulcerative colitis be considered 
in the presence of a persistent, moderate or high 
degree of albuminuria particularly when associ- 
ated with a chronic focus of suppuration such 
as was present in the wall of the colon during 
repeated exacerbations of the disease in their 
patient. 

A variety of metabolic and other derange- 
ments were encountered in forty-four ulcerative 
colitis cases by Posey and Bargen.'®’ The dis- 
turbances were proportional to the severity of 
the disease and included diminished urinary 
excretion of 17-ketosteroids, abnormal urinary 
excretion of corticosteroids, impaired adrenal 
reserve function as indicated by the epinephrine 
test, steatorrhea, creatorrhea, increased fecal 
solids, excessive caloric loss in the stools, the 
development of deficiency states accompanied 
by deficiency patterns evident in roentgeno- 
grams of the small bowel, anemia, diminished 
values for serum proteins, prothrombin and 
ascorbic acid, deficiencies of calcium, potassium, 
sodium and chloride, and metabolic acidosis. 
The deficiency of potassium was accompanied 
by typical electrocardiographic alterations. Low 
levels of serum potassium were also found in four 
of thirty cases of ulcerative colitis by Lubran 
and McAllen.'*° A detailed study of one of their 
cases revealed that the potassium deficiency 
was due to excessive loss of potassium in the 
stools. The degree of loss of potassium was 
closely related to the fluid volume of the feces. 
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Serum cholinesterase was found to be below 
normal and _ the erythrocyte cholinesterase 
significantly above normal in thirty-five pa- 
tients with active ulcerative colitis.'4* A return 
to normal levels for both serum and erythrocyte 
cholinesterase was demonstrated when ACTH 
and cortisone were administered as well as when 
the disease improved without the use of these 


agents. 
PREGNANCY AND ULCERATIVE COLITIS 


The questions which may arise regarding the 
problem of pregnancy and ulcerative colitis are: 
(1) should the ulcerative colitis patient become 
pregnant? and (2) once the ulcerative colitis 
patient has become pregnant or ulcerative 
colitis has developed during pregnancy, should 
the pregnancy be terminated? In order to 
answer these questions information on the 
effect of pregnancy on the disease and of the 
disease on the pregnancy is necessary. 

An analysis of the reports in the literature!:**- 
131,163,208 dealing with the effect of pregnancy 
on the course of the colitis reveals that in a 
series of thirty-two pregnancies which occurred 
during an inactive phase of the disease the 
colitis was reactivated in 43.7 per cent, while 
in a group of eighty-eight cases in which 
pregnancy occurred during an active phase of 
the disease the colitis improved in 36.3 per cent, 
became worse in 50 per cent, and was not 
influenced in 13.6 per cent. 

An analysis of reports!-*-109.153.203 containing 
data on the effect of ulcerative colitis on the 
pregnancy reveals that 83 per cent of 136 preg- 
nancies went to full term. The chances of a 
pregnancy going on to full term therefore are 
reasonably good when a collected group of 
patients is considered. One would expect the 
chances to be still better when a quiescent colitis 
is not reactivated and in those instances in which 
the colitis is improved during or by the preg- 
nancy. The observations of Tumen and Cohn? 
and of Abramson et al.' clearly indicate that 
ulcerative colitis developing after the onset of 
pregnancy may be extremely severe, and that 
ileostomy may be required to save the patient 
and permit the pregnancy to go to full term. 

It would seem that if the psychosomatic 
theory of the etiology of idiopathic ulcerative 
colitis is correct, one would expect the type of 
results observed. The effect of pregnancy on the 
disease would depend, as stated by Tumen and 
Cohn,” on the attitude of the patient and of 
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the husband toward the pregnancy. Women 
who welcome pregnancy do well, while those 
who do not, do poorly. Palmer!*® also believes 
that it is not the pregnancy per se but the con- 
stellation of emotional factors surrounding it 
which is of importance. Thus the problem of 
pregnancy or its termination in ulcerative colitis 
is an individual one. Its solution should be 
participated in by the responsible physician, 
the obstetrician and, if necessary, a psychiatrist, 
and that decision should be made which offers 
the best prognosis to the patient as well as to the 


pregnancy. 
PROBLEM OF CARCINOMA IN ULCERATIVE COLITIS 
The problem of the incidence of colonic 


carcinoma in ulcerative colitis is a serious one; 
because if the disease clearly predisposes to an 
alarmingly high incidence of malignancy, pro- 
longed intensive efforts in medical management 
should be avoided and surgical extirpation of 


the colon performed more frequently. A review 


of the literature up to 1944 by Lynn”! disclosed 
a 1.9 (0 to 6.3) per cent incidence of carcinoma 
in 1,467 cases. A review of the major reports in 
the literature since 1944 reveals an incidence of 3 
(0 to 7) per cent of 6,890 cases. (Table vu.) 
The figure of 3 per cent undoubtedly does not 
represent the true incidence of the complication 
as this could be obtained only by an examina- 
tion of the colon of each patient by the patholo- 
gist. Furthermore, the figure should be corrected 
for the natural incidence of carcinoma of the 
colon, also a difficult figure to obtain. 

Figures based on information obtained from 
surgical and autopsy specimens are generally 
higher than those based on roentgen and sig- 
moidoscopic examinations. The point is best 
illustrated by the report of Kiefer et al."°* who 
have two separate series. The incidence of 
carcinoma in one group of 226 cases (214 of 
whom had undergone total or partial colectomy 
and 12 of whom came to autopsy) was 4.4 per 
cent. In a second group of 458 cases studied by 
roentgenography and sigmoidoscopy the inci- 
dence of carcinoma was 1.9 per cent. 

The more frequent occurrence of carcinoma 
of the colon in ulcerative colitis in an age group 
younger than in the general population is more 
impressive than the incidence of carcinoma in 
ulcerative colitis in general. Sloan et al.'** found 
that the mean age at which neoplasm was 
diagnosed in the Mayo Clinic group of 2,000 
cases was -two years; and that the greatest 
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number of neoplastic lesions occurred between 


the ages of thirty and thirty-nine years. The 


youngest patient was fifteen years of age at the 
time of death. 

In general the literature is in agreement with 
regard to the fact that there appears to be a 
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are no rigid criteria upon which a decision can 
be based and each case must be evaluated on an 
individual basis. Common sense and practical 
judgment must be exercised. A high mortality 
of surgery in many instances has led surgeons 
justifiably to complain that the patient has been 


TABLE VIII 
INCIDENCE OF CARCINOMA IN CHRONIC ULCERATIVE COLITIS SINCE 1944 
Incidence of Carcinoma 
No. of 
Author Clinic Cases 
| No. of Per cent 
Renshaw and Brownell, 1945........ Cleveland Clinic (1934-1943) 336 2 0.6 
Johnson and Orr, 1948............. U. of Kansas Med. Center 164 2 1.2 
Ricketts et al., 1948................ U. of 156 3 1.9 
Private Practice, N.Y.C. 200 2 1.0 
U. of Minnesota Hospital 113 8 7.0 
Felsen and Wolarsky, 1949.......... Bronx Hospital, N.Y.C. 855 0 0 
U. of Michigan 451 3 0.7 
Lagercrantz, 1949.................. Karolinska Institute, Stockholm 134 0 0 
Strombeck, 1949................... University Hospital 54 1 1.8 
Svartz and Ernberg, 1949........... Medical Clinic of Carolina Hospital, 
Stockholm 290 9 3.1 
Warren and Sommers, 1949......... New England Deaconess Hospital ~ 180 9 5.0 
Gleckler and Brown, 1950........... Cleveland Clinic (1945-1950) 316 12 3.8 
Rice-Oxley and Truelove, 1950...... Radcliffe Infirmary, Oxford 129 4 3.1 
Mayo Clinic, Rochester, Minn. 2,000 109 5.4 
Brown et al., 1951................. Montefiore Hospital, N.Y.C. 147 7 4.8 
Kiefer, et al., 1951................. Lahey Clinic, Boston, Mass. 684 19 2.9 
Lyons and Garlock, 1951........... Mt. Sinai Hospital, N.Y.C._ . 226 9 3.9 


greater tendency for the occurrence of carci- 
noma in patients who have had the disease a 
long time. It is also generally. agreed that the 
carcinoma which develops apparently on the 
basis of ulcerative colitis is usually more malig- 
nant than that which arises on the basis of a 
polyp. Most writers have not been impressed 
with the tendency of inflammatory pseudo- 
polyps to undergo malignant change. 


PROBLEM OF TIME OF SURGICAL INTERVENTION 
IN THE INTRACTABLE CASE 

The time at which surgical intervention 

should be resorted to in the uncomplicated 

chronic ulcerative colitis patient who does not 

respond to a good therapeutic regimen fre- 

quently represents a serious problem. There 


permitted to go too long and consequently is a 
poor risk at the time of operation. 

On the other hand, it is highly probable that 
some patients have been subjected to the risks 
of surgery and committed to a “life with 
ileostomy” unnecessarily. Furthermore, anyone 
with a considerable experience with the disease 
has seen remission occur, even after months of 
treatment, often when the situation has ap- 
peared to be hopeless. 

In intractable cases the writer recommends 
surgery when he is convinced that the emo- 
tional factors motivating the disease are such . 
that they cannot be mitigated or removed for or 
by the patient and that salvage for economic 
or other reasons cannot be accomplished other- 
wise. The possible adverse influence of a perma- 
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nent ileostomy on the patient’s social and 
economic life are taken into consideration. 
SUMMARY 

1. The problems presented by certain aspects 
of chronic idiopathic ulcerative colitis are re- 
viewed. They include those relating to etiology, 
therapy, extracolonic disturbances, pregnancy, 
incidence of colonic carcinoma and surgical 
intervention in the intractable case. 

2. The data reviewed do not permit the 
conclusion that either infection, allergy, defi- 
ciency of a specific intestinal factor or excess 
enzyme production is of etiologic importance. 
Accumulating experience favors a _psycho- 
somatic concept. 

3. Analysis of the results of therapy reveals 
an apparent beneficial response to a wide 
variety of unrelated agents and regimens in 50 
to 100 per cent of the cases. 

4. ACTH and cortisone, although not cura- 
tive, are capable of inducing a remission in 
some instances. A trial of these agents in ade- 
quate dosage is worth while, particularly in 
critically ill patients when a temporary period 
of clinical improvement is desired in order to 
permit sufficient time for the effective use 
of other therapeutic procedures, especially 
psychotherapy. 

5. The effect of pregnancy on the course of 
ulcerative colitis has been variable and would 
appear to depend on the attitude of the patient 
toward the pregnancy. The clinical course of 
the disease which develops after the onset of 
pregnancy is very apt to be extremely severe 
and drastic measures may be required to save 
the life of the patient and to produce a viable 
offspring. 

6. A 3 (0 to 7) per cent incidence of colonic 
carcinoma was found in 6,890 cases of ulcerative 
colitis collected from the literature. 
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Clinic on Psychosomatic Problems 


Hyperventilation in a Patient 
Who Stammered 


Methedrine As an Adjunct to Psychotherapy 


cases are chosen to illustrate the relation between psychiatric and medical 

factors in the production of symptoms. They are part of the Harvard teaching on the 
Psychiatric and Children’s Medical Services of the Massachusetts General Hospital. 
These psychiatric conferences are edited by Drs. Stanley Cobb and Henry H. W. Miles. 


Dr. ELBERT TuTTLE: The patient is a twenty- 
four year old housewife who was admitted to 
the Massachusetts General Hospital five days 
ago because of attacks of hyperventilation. This 
symptom first appeared some ten months ago 
while she was riding in a car with her husband 
and friends to a party. Since then she has had 
repeated attacks of rapid breathing that may 
occur “‘without reason” during the day at home 
but are more likely to come on as the patient 
awakens in the morning or if she goes into 
crowds, enters subways, buses or taxis. At the 


onset of an attack there is a 


ing; later a sensation of substernal “‘tigh 

noted, as well as “‘tightness”” between her aa 
ples. If the rapid breathing persists, she experi- 
ences paresthesias of her fingers and feels “faint.” 
While the attack may subside spontaneously, 
relief is more certain if her doctor reassures her, 
either in person or by telephone. 

The patient’s parents are of French extraction 
and they have had little formal schooling. Tu- 
berculosis has caused the death of a number of 
the parents’ siblings. A maternal aunt had a 
son who stammered. The father is fifty-two 
years of age, a freight clerk, who eighteen 
months ago had a serious back injury. Because 
of this he was retired on a pension. He is de- 
scribed as being more irritable and cross since 
his injury. His disability made it necessary for 
his wife to take a job. For this reason the pa- 
tient and her husband moved into her parents’ 
home thirteen months ago. The mother, aged 
forty-six, is described as being quiet and hard- 
working but rather authoritative since becoming 
the family’s main provider. The husband is de- 
scribed as being “happy-go-lucky” and untidy. 
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This untidiness frequently precipitates argu- 
ments with the patient’s father. Nevertheless 
the husband is considerate and the patient has 
felt free to depend upon him as much as upon 
her mother. Both the patient and her husband 
express a desire to be able to move back soon to 
their own apartment and “live their own lives.” 

The patient is an only child and when she 
was born her mother’s labor was prolonged and 
difficult. She was bottle fed. Her first memory is 
of a tonsillectomy at age three, when she was 
“‘smothered” by the anesthesia mask. She wet 
the bed until she was six years old. In the 
second grade, aged seven, she began to stammer 
and remembers a fear of being hit on the palms 
by her teacher, who used this method of punish- 
ment on the other students. About the age of 
eight she saw a movie “The Mark of the Vam- 
pire” and ever since has had a great fear of 
death and of cemeteries. The patient believes 
herself to have been spoiled by her mother, upon 
whom she has developed a great dependency. 
The mother often speaks for her because of her 
severe stammering. 

At the age of twenty-one the patient thought 
she had leukemia after a friend died of it. For 
the past three years she has believed that she 
might have diabetes. Her present symptom of 
hyperventilation developed almost a year ago; 
in regard to this she expresses anxiety that there 
might be some underlying chest disease. She has 
frequent nightmares concerned with people who 
are mourning over death, dying or in caskets. 
She has also dreamed of being chased by white- 
clad figures or men with knives. 


sociable, getting along best with girls. She 
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started to work at eighteen as a stenographer 
and was still working in the same kind of job 
when the present illness began. She had been 
apprehensive over the possibility of being trans- 
ferred to another department of the company 
for which she worked, fearing the problems of 
adjusting herself, because of the speech impedi- 
ment, to a new group of girls. The patient was 
not transferred but her immediate supervisor 
was. This resulted in anxiety, as the patient felt 
considerable dependence upon this supervisor 
who spoke for her in difficult situations much 
as her mother did at home. She considered the 
separation a great loss but remained in her job 
until four months ago when she resigned, find- 
ing it impossible to ride the subway because of 
her fears and the attacks of hyperventilation. 
The patient found the subject of sex a diffi- 
cult one to discuss. As she and her husband had 
planned to work during the first year of their 
marriage, they practiced coitus interruptus as a 
means of contraception. They now are willing to 
have children but conception has not occurred. 
Routine physical examination and laboratory 
study brought out nothing remarkable. Her be- 
havior on the ward suggests that she is unable 
to express hostility and seems anxious always to 
establish a friendly association with others near 
her. During her attacks the rate of respiration 
may reach 50 per minute. ° 


PRESENTATION OF THE PATIENT 


The patient was a well developed and well 
nourished young woman of average height. She 
was neatly dressed. While pleasant and coopera- 
tive, she was ill at ease and her speech impedi- 
ment was quite marked. She seemed happy to 
be permitted to leave the room. 


Dr. STANLEY Coss: If I had gone on asking 
her about things, it would have been slow and 
painful. After she relaxes does she speak 
easily than that? | 

Dr. TuTT.eE: The stammer varies. Sometimes 
there is less difficulty. 

Dr. Lemoyne Wuite: Her breathing rate was 
28 for half a minute in here. 

Dr. Coss: It was rapid and she had long 
sighs, mixing up the speech as well. It is hard 
for her, this combination. It would be of interest 
to know if she had a certain amount of hyper- 
ventilation all the time. We have had experience 
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in the EEG laboratory suggesting that people 
with a history of hyperventilation will, in a 
shorter period of voluntary hyperventilation 
than usual, show abnormal signs in the EEG. . 
Ordinarily it takes three minutes for breakdown 
to occur. These hyperventilators often begin 
showing something by the end of the first 
minute. They do not have an alkalosis that is 
measurable but it looks as if they had less re- 
serve. We have had her here for about a week 
and we want to make a therapeutic plan. 

Dr. VERNON P. Wiuiams: I had the im- 
pression that in spite of, or along with, anxiety 
and stammering, although she said she was 
scared to death, she seemed outgoing and 
pleasant, not shy and inhibited. 

Dr. Tutt e: She is outgoing. She has related 
well to other patients on the ward. She seems 
to want to be friendly and makes an effort. 


_ Dr. Wiiurams: To make the face-to-face 


interviewing easier, do you think you might try 
sodium amytal or pentobarbital? 

Dr. HERBERT Barry, JR.: There is a variant 
of that which I have used, a mixture of 400 to 
600 mg. of sodium amytal with 20 to 30 mg. of 
benzedrine by mouth. The two drugs are sup- 
posedly antagonistic but the combination seems 
to stimulate speech. You can get a wonderful 
interview. 

Dr. EvizaBETH R. ZETZEL: I am trying to 
think of the psychodynamics. She has a very 
long history of chronic anxiety symptoms, a 
stammer, inability to stay alone and hypochon- 
driasis. It is important to know how many of 
these symptoms are linked with hostility. She 
has fears connected with death; not only of dead 
people but also of being dead herself. The 
stammer seems related to ambivalent feelings. 
Where she feels conflict, herstammer is worse. 
The origin of the recent acute symptoms can be 
understood in terms of the events which brought 
her back into the parents’ home and into such a 
close relationship with her mother. In the first 
place her old fears and ambivalence had inter- 
fered with marital adjustment. At home, am- 
bivalence towards mother increased and led to 
more difficulty with her marriage relations. On 
top of that her supervisor was transferred, throw- 
ing her back again into the intense relationship 
with her mother. I would think that these fac- 
tors had a great deal to do with the onset of the 
attacks of hyperventilation, which represent an 
acute form of anxiety. Her fear of aggression is 
turned back onto herself. She is afraid of being 
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alone, afraid of closed places. One would guess 
that her neurosis went back to the traumatic 
experience of the tonsillectomy. I would not say 
that the operation was the cause because she is 
a predisposed person. We see in her past history 
a number of things which contribute to her 
anxiety: The stress of an early operation and 
the fact that she is an only child and over- 
protected. Anxiety-provoking experiences of 
childhood which ordinarily are not serious 
made an extreme mark on her. She remembers 
seeing the movie; remembers seeing the casket 
taken out. Her experience with these was be- 
yond normal. 

In therapy I would work in terms of the 
recent situation. Find out her feelings about 
being home, her feelings about change in super- 
visors. See if one could mobilize the resentful 
feelings which are just below the surface. I think 
she should be a good case for therapy but it 
would be a lengthy process. I would like to see 
’ her start as an inpatient and carry on as an 
outpatient. 

Dr. Coss: She had a lot of work on speech 
at school and various other places. Was that 
all speech exercise? 

Dr. TuTTLE: It was all aimed at the symptom. 

Dr. Coss: That usually exaggerates the symp- 
tom unless the person handling the treatment 
for stammering is able to use a lot of suggestion 
and make the patient think that the speech trick 
he is using is very effective. You usually have to 
help the stammering by treating the neurosis; 
and then the stammering will take care of itself. 


Dr. Wuite: I would much prefer to leave . 


‘the life-long problems alone and find out more 
about the onset of this recent illness and of the 
acute symptoms which have prevented her from 
working. I would agree that most of the speech 
impediments are a neurotic way of handling 
tension and keeping tension back. 

Dr. Coss: We do not have enough evidence 
about the inheritance in this case. In many 
cases of stammering there is a genetic factor, 
with lefthanders in the family and reading de- 
fects in some of them. The neurosis is fixed on 
the vulnerable speech system rather than on 
some other. An example of that is in my book, 
‘Borderlands of Psychiatry,”’ with a family tree. 
But there are a lot of stammerers who do not 
have the family history. Then you have to ex- 
plain it on dynamics and the fact that normal 
speech is a highly organized mechanism and is 
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Dr. Henry H. Brewster: Did you think this 
patient had other symptoms focussed around 
stammering? Also other symptoms such as con- 
cern about her heart? Or did you think that all 
we saw today was characteristic of stammerers? 

Dr. Coss: A speech defect is an annoying 
and upsetting symptom because it is always 
interrupting your relationship with people and 
there is a constant fear you will get stuck. The 
fear is especially about specific things, when 
you have to answer in a specific situation. If you 
ring a doorbell and know that your name will 
be asked, that is the one thing hardest for you 
to say. When you let her do the talking, it will 
ease up. It is the asking and answering that 
scares her because she knows she has to answer 
with a certain word. The main thing to work 
on with her is the fear. I do not know the origin 
of that. The pediatricians have had experience 
with fears of smothering in tonsillectomies. 

Dr. Henry H. W. Mires: I agree with Drs. 
Zetzel and White that one ought to begin 
therapy by working with current material be- 
cause only as the patient is able to accept her 
hostility and feel a little more comfortable about 
expressing it, and as the relationship to the 
therapist develops, will she be able to remem- 
ber earliest experiences. The relationship to the 
therapist, the “corrective emotional experience” 
that Alexander has emphasized, is the medium 
which will help her to accept her aggressive 
impulses. Interpretation of current material may 
make it possible for the patient then to bring up 
old things which she has not been able to talk 
about before. 

Dr. WuiteE: How would you handle this pa- 
tient on a short-term basis? These anxiety pa- 
tients are a long job. + Oe 

Dr. ZETZEL: I would not be optimistic about 
brief treatment. I think you should start on 
current situations. It would not be right to start 
psychotherapy unless you were prepared to fol- 
low along with what you brought out. You 
would have to be prepared to work with her for 
a good many months. 

Dr. Wurte: If one could work through the 
present situation, her symptoms might improve 
enough with a good doctor-patient relationship 
so that she could go back to work. 

Dr. ZETZEL: Yes. We see here an acute neu- 
rosis superimposed upon a chronic one. One 
might relieve the recent neurosis to some extent 
without any effect on the other. 

Dr. Daniet Dawes: She seems to have pho- 


easily disturbed. 
a 
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bias along with other troubles. She needs at 
least six months’ treatment. 

Dr. Coss: We have to admit that she applied 
for help for her respiration. If we are able to 
relieve the hyperventilation and then send her 
out, the rest we should handle by a regimen 
that we arrange ahead for a year or two. We 
might try to go after the respiratory symptom. 
You can be rather simple in your explanation 
and suggestion, perhaps using some drug to 
facilitate the interviews. You should use active 
therapy to relieve the anxiety attacks and send 
her to the outpatient department and there 
work on the fears and other aspects. 


FURTHER TREATMENT 


A diagnosis was made of anxiety neurosis. 
Long-term psychotherapy was thought to be the 
treatment of choice. For the present, however, 
permissive encouragement to elaborate the 
emotional content of her current attacks was 
thought advisable. 

Interviews were conducted as suggested but 

the patient seemed unable to give emotionally 
significant material. Breathing exercises with 
the use of a paper bag relieved the feeling of 
weakness and the parésthesias. She continued in 
a repetitious way to talk of her dependency on 
her mother but seemed blocked in the expres- 
sion of real emotion. It was decided to continue 
therapy on an outpatient basis, and the patient 
was allowed to go back to her parents’ home. 
She returned to the hospital within thirty-six 
hours with a severe attack of hyperventilation 
and was readmitted to the psychiatric ward. 
The physician who had been assigned to treat 
her in the outpatient department, Dr. Charles 
Keuper, now assumed the management of her 
case. 
She told of her parents’ and husband’s in- 
ability to understand her trouble and how it 
upset her when they said she could do as well 
at home as in the hospital. She told of being 
angry at not being able to speak up when she 
would like to. She looked forward to the time 
when she and her husband could have their own 
home. While it was clear that recrudescence of 
the hyperventilation coincided with her moving 
back to her parents’ home, and that there was 
a temporal relationship between the attacks and 
times of emotional conflict, the more specific 
causes for her tension were not brought out 
clearly. | 
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Once back in the ward the patient’s attacks 
subsided promptly. To keep the patient from 
developing too much dependency upon the 
hospital, it was decided to ““wean” her gradually 
by allowing short home visits. Little was accom- 
plished following two such trials, with the pa- 
tient still happy to return to the hospital. Inter- 
view material remained dull and repetitive, 
with the stammer as an added impediment. As 
the patient seemed to avoid discussing certain 
topics, it was decided to have Dr. Keuper con- 
duct an interview with the use of methedrine® 
(D-desoxyephedrine hydrochloride).* An intra- 
venous injection of 12.5 mg. was administered 
within a thirty-second period, and the interview 
was then conducted in the usual fashion. The 
patient seemed very comfortable physically and 
at ease mentally. She expressed a sense of well- 
being. Where stammering had previously inter- 
fered with communication, there was now little 
speech impediment. Flow of thought and speech 
could be stimulated with a minimal amount of ° 
questioning. She repeatedly told of her wonder- 
ful degree of relaxation and euphoria—a state 
she had never experienced before nor thought 
possible. 

Besides elaborating upon previously discussed 
subjects she talked freely of her sexual education 
and experiences. The most pertinent material 
forthcoming seemed to revolve around her fear 
of frigidity and inability to become pregnant 
during the past year. Sexual compatibility had 
been achieved with her husband during their 
first year of marriage but since moving to her 
parents’ house she had experienced no sexual 
gratification. Her lack of interest in sexual inter- 
course irritated her husband. This had devel- 
oped since living with her parents, whose bed- 
room adjoined that of the patient. In her words, 
“It seemed as if the whole family were con- 
stantly standing around watching! I’ll be so 
glad when we can move and be by ourselves 
again.” 

Instead of sending her back for another visit 
to her parents’ home we encouraged her hus- 
band to prepare their new apartment for her 


Next trial visit from the hospital. When this was 


finally accomplished, immediate improvement 
was noted. She was discharged from the hospital 
and her attacks of hyperventilation gradually 
diminished during the following two weeks. Also, 
certain fears no longer plagued her; namely, 


* Product of Burroughs Wellcome & Company, 
New York. 
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those concerning crowds, being alone, riding in 
taxis and frigidity. 


FOLLOW-UP 


Five months have elapsed since the patient’s 
discharge from the hospital and during this time 
she has maintained the symptomatic improve- 
ment. Although mild attacks of hyperventilation 
continue, they occur only three or four times a 
week. The attacks never occur when she is in 
her own apartment but usually when visiting in 
her parents’ home across the street or when she 
goes farther than one block away from her house. 

It is obvious that her phobias are not much 
improved, nor is the underlying neurosis appre- 
ciably affected, but the presenting symptoms 
have been largely alleviated. She can now live 
a fairly normal life at home with her husband 
and she is able to come to the outpatient de- 
partment regularly for further treatment. 


This case was selected to illustrate a number 
of interrelated points. The first of these is the 
function of a staff conference as a sort of “‘ad- 
visory board” to help initiate a treatment pro- 
gram. This patient had been in the ward only a 
few days and little material had been elicited 
beyond the routine medical and psychiatric his- 
tory. From the data available the staff members 
attempted to understand the psychodynamics of 
the illness and make some guesses at the prob- 
able course of events. The purpose was to formu- 
late a plan of treatment which would represent 
the most advantageous compromise between the 
needs of the patient and the available thera- 
peutic facilities. 

While the treatment of choice in a case like 
this is intensive psychoanalytically oriented psy- 
chotherapy, such a program is not often feasible 
in a busy general hospital. One can attack the 
problem in various other ways. Training the 
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patient in voluntary control of the respiratory 
rate and rebreathing into a paper bag may help 
considerably in relieving the symptoms of alka- 
losis due to hyperventilation. The development 
of a good doctor-patient relationship permits 
active intervention in the form of suggesting 
specific changes in the patient’s environment. 
This type of “environmental manipulation” may 
effect dramatic remissions in acute neurotic 
symptomatology but one must be careful in 
evaluating such “improvement” to differentiate 
between relief of an acute situational conflict 
and resolution of a more chronic neurosis. Obvi- 
ously the latter was not accomplished in this 
case. 

With this patient there was difficulty in ob- 
taining free verbalization of certain conflicts 
and problems of which the patient was fully 
aware. This was partly due to her marked 
stammer which interfered with communication 
and partly to her reluctance and inhibition. It 
was our impression that the effect of the meth- 
edrine was not limited to its pharmacologic 
properties. The emotional experience was very 
important, too. The patient felt greatly relieved 
to talk without impediment and was able to dis- 
cuss emotionally charged material more easily. 
It is very likely that this experience was impor- 
tant in the further development of her confi- 
dence and trust in the therapist—positive trans- 
ference—which is such an important factor in 
the success of brief psychotherapy. 

For more detailed reports on the use of meth- 
edrine in psychiatric practice, the reader is 
referred to the papers by Levine et al.' and 
Schein and Goolker.? 

! Levine, L., et al. Psychological and physi 
— of intravenous pervitin. Am. J. Psychiat., 105: 429, 

? Scnein, J. and Gootker, P. A preliminary report on 
the use of D-desoxyephedrine hydrochloride in the study 


of psychopathology and psychotherapy. Am. J. Psychiat., 
107: 850, 1951. 3 
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patient, C. M. (No. 204634), was a 
white married banker forty-four years of 
age who was admitted to the Barnes 

Hospital for the first time on December 22, 
1951, because of fever and abnormal bleeding. 
The family and past histories were non-con- 
tributory. The patient had been in generally 
good health until October 2, 1951, at which 
time he noted the onset of burning on urination, 
chilly sensations and fever. He consulted a 
physician gn his community and was advised to 
take sulfisoxizole (gantrisin®). After taking this 
drug for two days he consulted another physi- 
cian who prescribed chloramphenicol. The 
patient’s symptoms rapidly abated and he dis- 
continued therapy. Four or five days later, 
however, because of a recurrence of the same 
complaints, he resumed chloramphenicol treat- 
ment. In the next few weeks he took chloram- 
phenicol whenever urinary symptoms recurred. 
He finally sought medical care and was referred 
by a urologist to an outside hospital on Novem- 
ber 2nd. There the patient’s physical examina- 
tion was essentially negative except that the 
prostate was soft and tender. The prostatic 
secretion contained a large number of white 
cells. A two-glass urine test showed a large 
number of white cells in the first specimen but 
relatively few in the second. The hemoglobin 
was 15.5 gm., the white cell count 6,200, and 
the differential count showed 2 per cent eosino- 
phils, 2 per cent band forms, 45 per cent seg- 
mented forms, 40 per cent lymphocytes and 
11 per cent monocytes. The platelet count was 
normal, as was the non-protein nitrogen. In- 
travenous pyelograms were negative except for 
the presence of two collecting systems on the 
left side. Cystoscopic examination revealed that 
the bladder mucosa was normal although there 


was moderate injection of the trigone. The 
ureteral orifices were normal but the prostatic 
urethra was injected. Bladder urine obtained 
under sterile precautions revealed no bacteria 
on direct smear; on culture coliform organisms 
were recovered. The patient was discharged 
with a diagnosis of prostatitis and advised to 
continue chloramphenicol. It was also sug- 
gested that he see his own physician for pros- 
tatic massage and regulation of antibiotic 
therapy. 

The patient consulted his physician only 
occasionally but continued to take chloram- 
phenicol when he had symptoms. On November 
30th he experienced another bout of urinary 
symptoms and saw his physician, who pre- 
scribed a triple sulfonamide preparation which 
the patient took until December 6th. That 
morning, while away on a business trip, he 
noted a skin eruption when he awakened and 
he had difficulty controlling bleeding from a 
small cut incurred while shaving. He consulted 
a physician, who told him to stop the sulfona- 
mide therapy and return home immediately to 
the care of his own doctor. The latter sent the 
patient into an outside hospital where he was 
found to have many petechiae in the skin and 
mucous membranes. The laboratory data follow- 
ing several blood transfusions, included the © 
following: red blood cell count, 5,530,000; hemo- 
globin, 17.1 gm.; platelets, 31,000; reticulo- 
cytes, 1 per cent; white blood cell count, 1,600; 
differential count, 96 per cent mature lympho- 
cytes; 4 per cent immature lymphocytes. 
Bone marrow aspiration showed only a few small 
bits of marrow, consisting mainly of amorphous 
material and fat globules. Very few cells were 
seen. The differential count was recorded as 


follows: 1 “C”? myelocyte, 1 “B” myelocyte, 2 
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reticulum cells, 2 phagocytic clasmatocytes, 82 
lymphocytes, 12 plasma cells and 2 normoblasts 
per 100 white blood cells. 

During the patient’s hospital stay gross 
hematuria, multiple ulcers.on the buccal 
mucosa and epistaxes developed. Penicillin and 
streptomycin therapy were given initially, but 
after several days streptomycin was discontinued 
and chloramphenicol reinstituted. The patient 
was seen in consultation by a member of the 
Hematology Division of this Department who 
called attention to the possible relationship 
between chloramphenicol and aplastic anemia. 
He advised that the drug be stopped. While in 
the hospital the patient received a total of eight 
blood transfusions, the last of which was followed 
by a severe febrile reaction. In the hope that 
febrile transfusion reactions of this type could 
be avoided the patient was transferred to the 


Barnes Hospital on December 22nd for further — 


care. 
At the time of entry physical examination 
revealed the temperature to be 38.5°c., pulse 34, 
respirations 20 and blood pressure 120/80. The 
patient was a well developed, well nourished 
male who appeared acutely ill. Numerous 
purpuric and ecchymotic areas were noted in 
the skin and mucous membranes. There were 
multiple necrotic ulcers in the buccal mucosa 
and several smaller ulcers were seen on the 
tongue. Some of the ecchymotic lesions over the 
skin of the back were secondarily infected as 
evidenced by the presence of small abscesses in 
these sites. There was no lymph node enlarge- 
ment. The lungs were clear to percussion and 
auscultation. Examination of the heart was 
negative. Examination of the abdomen revealed 
no palpable masses or organs and no tenderness. 
The remainder of the physical examination was 
within normal limits. 

The laboratory data were as follows: red 
blood cell count, 4,710,000; hemoglobin, 14.7 
gm.; white blood cell count, 2,000; differential 
count, 95 per cent mature lymphocytes; 5 per 
cent young lymphocytes. No platelets were seen 
on the slide of the peripheral blood; the red 
- blood cells appeared normal. Urinalysis: specific 
gravity, 1.019; albumin, 4+; sugar, negative; 
sediment, innumerable red blood cells. Stool 
guaiac was strongly positive. Cardiolipin test: 
negative. Bleeding time: greater than twenty- 
five minutes. Clotting time (Lee-White method): 
fifteen minutes. Clot retraction: none at twenty- 
four or forty-eight hours. Blood cultures: nega- 
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tive. Blood chemistry: non-protein nitrogen, 
39 mg. per cent; sodium bilirubinate, 0.62 mg. 
per cent; bilirubinglobin, 1.39 mg. per cent; 
cephalin-cholesterol flocculation test, 2+; thy- 
mol turbidity test, 1 unit; total proteins, 4.2 gm. 
per cent; albumin, 2.4 gm. per cent; globulin, 
1.8 gm. per cent. 

During the patient’s stay in the Barnes 
Hospital many blood counts were done. The 
red blood cell count varied from a maximum 
of 4,710,000 to a minimum of 1,940,000. The 
hemoglobin ranged from 14.7 to 6.4 gm. There 
was a constant neutropenia, the white blood 
cell counts being between 750 and 1,600. The 
platelet count was often 0 and never above 
31,000, and the reticulocytes were never above 
1 per cent. Differential counts showed that the 
majority of cells were always mature lympho- 
cytes. On several occasions, however, numerous 
cells having the characteristics of plasma cells 
were observed, and on one count 6 normoblasts 
per 100 white blood cells were seen. Bone 
marrow examination was not repeated. 

The patient’s course was one of progressive 
deterioration. He bled profusely from the 
gastrointestinal tract and from the nasopharynx, 
so that one of the most difficult problems facing 
those taking care of him was the maintenance 
of his erythrocyte and hemoglobin levels. 
Several severe transfusion reactions of a febrile 
nature occurred. They were partially prevented 
by using only donor blood which gave a nega- 
tive indirect Coombs test, and by administering 
benadryl® at the time of each transfusion. The 
patient’s temperature remained elevated 
throughout his hospital stay and in the last few 
days of life was above 40°c. He received as many 
as 12 units of whole blood in a twenty-four-hour 
period. At times twitching of the muscles of the 
face and body was noted and was relieved by 
the administration of intravenous calcium 
gluconate. The serum calcium was 7.2 mg. per 
cent and the phosphorus 2.1 mg. per cent. Other 
therapy included parenteral vitamins and 
analgesics. Penicillin, terramycin and strepto- 
mycin were also given. Intravenous protamine 
did not benefit the bleeding tendency, nor did 
cortisone given in a dose of 200 mg. daily. In 
the last twenty-four hours of life the patient’s 
pulse became weaker and the rate gradually 
increased to 140 per minute. His respirations 
rose to 50 per minute and he became cold and 
clammy. He lapsed into coma and expired 
quietly on December 29th. During the seven 
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days he was in the Barnes Hospital he had 

received thirty-eight blood transfusions. 
CLINICAL DISCUSSION 


Dr. Cari V. Moore: The patient’s present 
illness, which is reviewed in detail in the proto- 
col, makes it clear that he had had repeated 
exposure to chloramphenicol. In addition, he 
took sulfonamide drugs on more than one 
occasion. For a period of several months during 
which he took chemotherapeutic drugs for 
urinary tract symptoms he apparently ex- 
hibited no untoward effects attributable to drug 
sensitivity. Suddenly, then, profound bone 
marrow aplasia developed and despite all sup- 
portive therapy he succumbed in about three 
weeks. { believe it would be well to begin our 
discussion by considering the problem which 
led this patient to seek medical care originally 
and for which the antibiotic therapy was pre- 
scribed, namely, the urinary tract symptoms. 
I should like to inquire if Dr. Cordonnier be- 
lieves prostatitis alone could have explained the 
urinary tract symptoms. 

Dr. Justin J. ConDonniER: In general it would 
be unusual for prostatitis to be as persistent as 
apparently was the case here. One must take 
into consideration, however, the fact that the 
patient depended on “‘self-medication” a good 
bit of the time, treating his symptoms without 
benefit of knowledge of the state of the disease 
itself. Although I did not see this man originally, 
I know that the urologist who studied his case 
is an extremely competent person. Therefore, I 
would accept without question the fact that 


there was no other abnormality of the genito- 


urinary system and attribute the patient’s 
symptoms to prostatitis, inadequately treated. 

Dr. C. V. Moore: Would you comment on 
the diagnosis of prostatitis? 

Dr. CorRDONNIER: The diagnosis of acute 
prostatitis is usually rather obvious for the 
gland is enlarged and tender, and the patient 
exhibits the typical signs of acute bacterial ia- 
fection. By contrast, the diagnosis of chronic 
prostatitis may be more difficult. In either case 
the prostatic secretion should be examined 
microscopically; and if numerous white blood 
cells are not present, the diagnosis of prostatitis 
should be questioned. Cultures are often un- 
satisfactory because of the contamination of 
prostatic secretion in the urethra. 

Dr. C. V. Moore: What is the treatment of 
choice for prostatitis? 
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Dr. Corponnmr: That is a difficult question, 
Dr. Moore. Management of the disease has 
changed considerably in the past fifteen years 
because of the advent of chemotherapeutic 
agents. In office practice—and most patients 
with prostatitis are ambulatory—parenteral 
administration once or twice weekly of penicillin 
and streptomycin, supplemented by daily oral 
sulfadiazine or sulfisoxizole, is an effective 
method. Prostatic massage twice weekly is an 
important adjunct to therapy. Frequent micro- 
scopic examination and culture of prostatic 
secretion is important in gauging the therapeu- 
tic response. If the causative organism can be 
isolated, its sensitivity to the antibiotics can be 
determined. 

It is important to point out that disappear- 
ance of symptoms alone is not sufficient indica- 
tion for cessation of drug treatment, although 


a significant number of patients unfortunately 


do what this man did, i.e., discontinues treatment 
as soon as the symptoms abate. 

We have, of course, also used aureomycin, 
chloramphenicol and terramycin in the treat- 
ment of prostatitis. In our experience aureomy- 
cin or terramycin has been more effective usually 
than chloramphenicol. With aureomycin the 
occurrence of nausea and diarrhea has in some 
instances made it necessary to switch to another 
agent. 

Dr. THomas H. Hunter: What organisms 
are most often recovered, Dr. Cordonnier, from 
the prostatic secretion? I am aware of the difh- 
culties, to which you have already alluded, in- 
volved in attempting to culture this particular 
secretion. 

Dr. Corvonner: Coliform organisms are 
recovered most frequently. Staphylococci and 
streptococci are also found with some degree of 
frequency. The widespread use of antibiotics 
has influenced the nature of the infecting organ- 
isms in that as susceptible bacteria are killed, 
resistant ones, such as those of the aerogenes 
group and Bacillus proteus, may emerge. 

Dr. C. V. Moore: Dr. Hunter, do you have 
any additional comments to make concerning 
the antibiotics? 

Dr. Hunter: I have had practically no ex- 
perience in the treatment of prostatitis, Dr. 
Moore. As Dr. Cordonnier has pointed out, the 
choice of a drug is a problem because of the 
difficulty of obtaining bacteriologic data upon 
which to base the choice. For this reason one of 
the broad-coverage antibiotics should be es- 
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pecially useful, and I would lean toward aureo- 
mycin or terramycin. Most of us in the Depart- 
ment of Medicine are conservative in the use of 
sulfonamides because of our occasional alarming 
experience with them in terms of serious reac- 
tions of hypersensitiveness. 

Dr. CorponnierR: I agree that broad spec- 
trum coverage is desirable but in our hands the 
combination of penicillin, streptomycin and a 
sulfonamide has been extremely effective. 

Dr. Hunter: Can’t one make a case for 
abandoning the sulfonamides? Will they do 
anything that terramycin or aureomycin will 
not? I take this stand, as'I have said, because of 
the occasional serious toxicity associated with 
sulfonamide therapy. 

Dr. CorponnieR: I fully realize that there is a 
hazard involved in the use of the sulfonamides, 
but as I have already mentioned, the unpleasant 
gastrointestinal manifestations attributable to 
aureomycin can limit its effectiveness. Although 
terramycin has often satisfactorily combatted 
the prostatic infection, we have seen intractable 
proctitis on more than one occasion when this 
drug was used. For this reason, I tend in general 
to obtain wide spectrum coverage with another 
agent or combination of agents. 

Dr. Harry L. ALEXANDER: What dose of 
sulfonamide do you prescribe? 

Dr. CorDONnNIER: We use either 1 gm. of 
sulfadiazine four times a day or 2 gm. of sul- 
fisoxizole four times a day. 

Dr. ALEXANDER: Do you ever combine the 
two? 

Dr. CorpDonniER: No, we use one or the 
other. 

Dr. ALEXANDER: It seems to me that this 
dosage is a small one and it interests me that you 
find it effective. 

Dr. CorpDonniER: In our experience doses 
of this order have been adequate. 

Dr. C. V. Moore: I would like to turn the 
discussion now to another problem which is of 
extreme interest and importance, namely, the 
aplastic anemia. First of all, Dr. Loeb, do you 
believe that there are sufficient data to accept 
the diagnosis of aplastic anemia without ques- 
tion? If you do, would you explain the appear- 
ance of plasma cells and nucleated red cells in 
this man’s peripheral blood. 

Dr. Vircit Logs, Jr.: The hematologic ab- 
normality, which was present for only a rela- 
tively short time during this patient’s illness, was 
characterized by thrombocytopenia, leukopenia 
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and absolute granulocytopenia. In addition, he 
also exhibited reticulocytopenia. These findings, 
I think, add up to one of two diagnoses, either 
acute aplastic anemia or acute leukemia. When 
they are coupled with evidence of a hypocellular 
bone marrow, the absence of an abnormal cell | 
type, either in the bone marrow or the peripheral 
blood, and the absence of peripheral lymph 
node enlargement or splenomegaly, the diag- 
nosis of acute aplastic anemia can be applied 
without much reservation. Your second question 
in regard to the presence of nucleated red cells 
and plasma cells in the blood during the terminal 
illness is more difficult to explain. One explana- 
tion, a relatively easy one, is merely to state that 
when any individual has a white blood cell 
count of 800 to 1,000, a differential count is in- 
accurate. Thus relatively few plasma cells may 
indicate a relatively high percentage, when in 
terms of absolute numbers they are not present 
in an abnormal quantity. Mention should also 
be made of the fact that the patient received 
cortisone during his hospitalization here. Corti- 

sone does have some myelostimulatory effect, 
and it is possible that some resting focus of red 
cell production was stimulated, with the result 
that normoblasts appeared in the peripheral 
blood. Certainly there were very few of them. 
Finally, in the agonal state, for reasons unknown 
to me, one occasionally finds cells in the periph- 
eral blood which normally remain in the marrow. 

Dr. C. V. Moore: Do you have any addi- 
tional comments, Dr. Reinhard? 

Dr. Epwarp H. Reinnarp: I should like to 
ask a question first. It is my impression that 
this patient did not have plasma cells in his 
blood when first seen and that the plasma cells 
appeared only during the terminal course. Is 
that correct? 

Dr. C. V. Moore: Yes, it is. 

Dr. Remnnarp: In that case I would suggest 
that this patient was suffering from a granu- 
lomatous disease which was responsible for the 
plasma cell response; plasma cells are commonly 
associated with a number of granulomas. In 
favor of this hypothesis is the fact that this 
patient had received a remarkable amount of 
chemotherapy of various types during his illness, 
and it is therefore conceivable that terminally 
he was suffering from a fungus infection which 
arose because of the suppressive effects of the 
various antibiotics on the normal body flora. 
Such an infection could have produced a plasma 
cell response. 
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Dr. C. V. Moore: That is certainly a tenable 
explanation and we shall return to it later. All 
of us here are aware of the interest in the possible 
relationship between chloramphenicol and bone 
marrow aplasia. It is important to point out 
that many of the patients in whom aplastic 
anemia developed while receiving chloram- 
phenicol have also been taking other antibiotics. 
Such is the case with this patient whom you will 
recall received sulfisoxizole, a triple sulfonamide, 
streptomycin and penicillin. Dr. Harrington, 
will you review the evidence regarding the 
relationship of chloramphenicol to aplastic 
anemia. 

Dr. WititiamM J. Harrincton: To date 129 
cases of aplastic anemia, which have occurred 
in patients receiving chloramphenicol, with or 
without other antibiotics, have been reported. 
Approximately one-half of the patients were 
receiving additional drugs. It has been estimated 
that eight million patients have been treated 
with chloramphenicol since its introduction. 
Employing these two figures one can calculate 
that the incidence of this blood dyscrasia is of 
the order of 1 in 800,000. Assuming that the 
incidence was even twice as large, it is clear that 
it would still be so small as to render it very 
difficult to study the problem experimentally. 
One must, by necessity, be conjectural at this 
time. The most impressive evidence incriminat- 
ing the antibiotic as an etiologic factor, I believe, 
is that aplastic anemia developed in about 
twenty-three patients while receiving chloram- 
phenicol alone; none of these patients had 
evidence of a concomitant disease characterized 
per se by marrow hypoplasia. The etiologic rela- 
tionship of drugs to blood dyscrasias is an old 
and difficult one, especially when the incidence 
of the given toxic manifestation is low. Amino- 
pyrine affords an example in which the relation- 
ship of a particular drug to a blood dyscrasia was 
fairly well confirmed. In Denmark some years 
ago the incidence of agranulocytosis in patients 
receiving aminopyrine was relatively high, being 
estimated at 1 per 100,000 patients. When the 
administration of aminopyrine was stopped 
throughout the country, the incidence of 
agranulocytosis declined to essentially zero. 
Recently Moeschlin' has presented evidence 
indicating that the phenomenon of agranulo- 
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cytosis after aminopyrine therapy may represent 
an adverse antigen-antibody reaction. Previ- 
ously, Kracke and Parker,? Madison and Squier,’ 
and Dameshek‘ showed that the development 
of agranulocytosis in patients given aminopyrine 
involved their being sensitive to the drug, an 
observation probably predictable from the 
relatively small incidence of untoward reactions. 
The tendency of this drug to produce hyper- 
sensitiveness was attributed to the presence of a 
benzamine group. It is of interest in this regard 
that Smadel,® in 1949, pointed out that chloram- 
phenicol, which contains a nitrobenzene ring, 
might eventually produce some blood dyscrasia. 
In 1950 there were three separate reports of 
hematologic abnormalities occurring in patients 
receiving chloramphenicol. Subsequently, as I 
have indicated, the number of reports has risen 
steadily. It therefore seems quite likely that in 
certain instances chloramphenicol causes aplastic 
anemia, but the incidence of this dyscrasia is 
extremely low in terms of the number of patients 
who have -received the antibiotic. Nonetheless, 
the calculated risk must be borne in mind when 
it is administered. 

Dr. C. V. Moore: Dr. Reinhard, do you 
have anything to add to what Dr. Harrington 
has said? Would you comment particularly on 
the duration of treatment and the total dose of 
chloramphenicol used as each relates to the 
development of aplastic anemia. 

Dr. REINHARD: Most of the patients give a 
history of having had chloramphenicol previ- 
ously on one or more occasions. A smaller num- 
ber, who have received only a single course of 
chloramphenicol over a long period of time, 
late in the course of therapy or even after its 
cessation, have developed aplastic anemia. It 
is important to emphasize the fact that in a 
number of patients the first manifestation of 
aplastic anemia appeared several months after 
treatment was discontinued. As a first approxi- 
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mation, therefore, aplastic anemia is apt to 
occur in patients who have taken chlorampheni- 
col for a considerable period of time or who 
have been exposed to it on repeated occasions. 
There are a few exceptions to this statement 
but not very many. 

Dr. C. V. Moore: Should any of the other 
drugs which this patient took be considered as a 
possible factor in causation of the blood dyscrasia? 

Dr. REINHARD: Two of them merit attention 
in this regard. The sulfonamides most frequently 
have been implicated in the production of 
agranulocytosis as a hematologic disorder, but 
rarely aplastic anemia has been reported after 
sulfonamide therapy. It is doubtful that the 
sulfonamides were important in this case, but 
one cannot rule out that possibility completely. 
Streptomycin also has been implicated in the 
production of aplastic anemia, but as far as I 
know only in one report, that of Deyke and 
Wallace® in 1948. They studied 400 tuberculous 
patients in the Fitzsimmons General Hospital 
treated over a long period of time with strepto- 
mycin. Aplastic anemia developed in two pa- 
tients in this group of 400, in one on the seventy- 
ninth day and in the other on the ninety-fifth 
day of treatment. One of the patients had 
received no other medication except secobarbital 
(seconal), and the other had received, in addi- 
tion to streptomycin, only diphenhydramine 
(benadryl). It was concluded that neither of 
these drugs was responsible, and that streptomy- 
cin had caused aplastic anemia in these two 
instances. I know of no others. 

Dr. ALBERT I. MENDELOFF: In the Proceed- 
ings of the National Meeting of the American 
Federation for Clinical Research’ there is a 
report concerning the effect of chloramphenicol 
on erythropoiesis. In three of eight patients 
erythropoiesis was depressed during a thirty-day 
course of the drug. When chloramphenicol was 
withdrawn, the hematologic findings returned 
to normal. A second exposure to chlorampheni- 
col resulted in erythropoietic depression in two 
of the three patients; as before, the red blood 
counts returned to normal after cessation of 
antibiotic therapy. 
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Dr. C. V. Moore: It is of interest in discussing 
this problem to recall that about eighteen 
months to two years ago synthetic chloram- 
phenicol became available; previously, the 
fermentation product was used. It is estimated 
that only 10 to 15 per cent of the chlorampheni- 
col now available comes from the fermentation 
process and the rest is synthetic. It is important, 
therefore, to know if some toxic substance has 
contaminated the synthesized material and has 
been responsible for the dyscrasias reported. 
There is no answer to this question at present. 
Before concluding our discussion of the cause of 
aplastic anemia in this patient, we must men- 
tion the possibility that idiopathic aplastic 
anemia had developed coincidentally. This 
explanation can neither be substantiated nor 
refuted with certainty, although it is probably 
unlikely. In summary it can only be said that 
this case presents another instance in which 
aplastic anemia developed in a patient while he 
was receiving chloramphenicol; to date there is 
no way in which one can assign unequivocally 
the cause of the dyscrasia to this antibiotic. 
The relationship of chloramphenicol to aplastic 
anemia could be more conclusively demon- 
strated if a patient who had developed aplastic 
anemia while on the drug and then recovered 
were subsequently given the drug again and 
developed a recurrence. No investigator would 
knowingly perform this experiment. 

To date about 50 per cent of the patients in 
whom aplastic anemia developed while receiving 
chloramphenicol have recovered. This patient 
received many transfusions, vigorous efforts 
were made to control secondary infection and 
he was given cortisone. These measures failed 
to save this man’s life. Dr. Chernoff, would you 
comment on the role of therapy in regard to the 
chance of recovery. Are there any other thera- 
peutic measures which should be used, or are 
those which were employed here the only ones 
indicated? 

Dr. Amoz I. CuHernorF: The situation en- 
countered here is comparable to that which 
obtains when agranulocytosis is produced by 
drug idiosyncrasy. Treatment is designed to tide 
the patient over the critical period until bone 
marrow recovery takes place. In the presence 
of anemia transfusions should be given and the 
use of other antibiotics to prevent secondary in- 
fection is definitely indicated. Whether cortisone 
and ACTH have a place in therapy is open to 
question, especially since the recent report by 
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Thiersch et al.* in which it was shown that in 
one type of marrow depression—that due to 
irradiation—cortisone exhibited a detrimental 
effect. 

Dr. C. V. Moore: Whether chloramphenicol 
should continue to be used or whether it should 
be withdrawn from the market was considered 
recently by the Food and Drug Administration 
which asked an ad hoc committee of the National 
Research Council to make a recommendation 
in this regard. The recommendation, which has 
been accepted, stated that chloramphenicol was 
too effective an agent to be removed from the 
market, even if it was accepted that it was re- 
sponsible for the cases of aplastic anemia 
reported. It is being marketed, therefore, with a 
warning on the label that it can cause hema- 
tologic abnormalities and that it should not be 
used for minor infections. Dr. Hunter, what do 
you consider the indications for chloramphenicol? 

Dr. Hunter: First of all, I agree that it should 
not be withdrawn from the market, even if one 
does accept its role in the production of aplastic 
_ anemia. In the treatment of human disease we 
_ are forced to use a number of agents which 
entail a distinct hazard, and part of one’s 
medical education is to learn to evaluate the 
relative risks which are at stake. On this basis I 
believe there are still definite indications for 
chloramphenicol. Before discussing the indica- 
tions for the drug I would like to emphasize the 
fact that there are a number of situations in 
which it should not be employed. The practice 
of using chloramphenicol to treat respiratory 
infections which can be controlled adequately 
with one or another agent is to be. avoided. 
Similarly, chloramphenicol should not be given 
patients with ‘urinary tract infections if aureo- 
mycin, terramycin or streptomycin can be em- 
ployed instead. Obviously the prolonged use of 
chloramphenicol is unwise since, as Dr. Rein- 
hard has pointed out, there seems to be a dis- 
tinct correlation between the length and multi- 
plicity of courses of chloramphenicol and the 
incidence of blood dyscrasias. Where then should 
it be used? In my opinion there is no agent now 
available which is as satisfactory in the treat- 
ment of patients with typhoid fever; since 
typhoid fever is a serious disease, the use of 
chloramphenicol is justified. The risk is minimal 

J. B., Conroy, L., Stevens, A. R., Jr. 
and Fincn, C. A. Adverse effect of cortisone on marrow 
a & Clin. Med., 


Clinico-pathologic Conference 


at most if the drug is given for ten days or two 
weeks to patients suffering from typhoid fever. 
Further, chloramphenicol may be the most 
effective agent against the proteus group, so that 
patients with serious infections due to this 
organism may justifiably be given it. It should 
he pointed out that drug sensitivity among 
proteus strains is variable, and chloramphenicol 
should be employed only after laboratory evi- 
dence indicates that it will afford the most 
effective means of treatment. There are still a 
few staphylococal infections which seem to 
respond to a combination of chloramphenicol 
and other antibiotics, and recently a case of 
bacterial endocarditis cured by a combination 
of penicillin and chloramphenicol has been 
reported.® In the latter case other agents seemed 
totally ineffective, but it was noted in vitro that 
the combination of chloramphenicol and peni- 
cillin was highly bactericidal for the particular 
strain causing the disease. In summary then, I 
believe there still is a place for chloramphenicol 
in the treatment of serious infections, particularly 
those which endanger life, and where it has been 
established that chloramphenicol is ‘the most 
useful of the drugs available. 

Dr. C. V. Moore: May we go on now to the 
last problem and inquire why this patient died; 
that is, why the transfusions and the other 
measures employed failed to sustain his life 
until the bone marrow recovered spontaneously. 
Dr. Taussig, this question is a difficult one. The 
patient had a very high fever and was bleeding 
from all orifices. Although hemorrhage was a 
most serious problem, I doubt that he died 
from blood loss. Do you have any comments 
to make? 

Dr. Barrett L. Taussic: I do not know why 
the patient died, Dr. Moore. As a matter of fact, 
the immediate cause of death in patients with 
blood dyscrasias or is occasionally 
obscure. I think it very likely in the present case 
that an overwhelming infection, which was not 
controlled by the antibiotics, was responsible 
for the fatal outcome. On the other hand I am 
sure that some patients with aplastic anemia die 
even though they do not suffer secondary 
infection. 

Dr. C. V. Moore: That does happen, 
although in most instances an intracranial 
hemorrhage or some other obvious explanation 

®° Auern, J. J. and Kirsy, W. M. M. Successful cure 
of subacute bacterial endocarditis with penicillin and 
chloramphenicol. J. A. M. A., 150: 33, 1952. 
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can be found. You mention the possibility of 
severe overwhelming infection and Dr. Rein- 
hard has already suggested a mycotic infection. 
Do you want to make any additional comment, 
Dr. Reinhard? 

Dr. ReinHARD: As I indicated earlier the 
presence of plasma cells in the blood is a finding 
compatible with an infection of the granuloma- 
tous type; and since this patient had prolonged 
therapy with many antibiotics, the pattern of 
the indigenous flora in the body cavities may 
have been altered, resulting in overgrowth by 
fungi which are normally suppressed. 

May I make one other point? A very interest- 
ing statement appeared in a recent article by 
Claudon and Holbrook’® in the Journal of the 
American Medical Association. I would like to 
read it for the purpose of disagreeing with it. 


They say, “In our opinion careful evaluation — 


should be made of the hematological status of 
candidates for chloramphenicol therapy, and 
the drug should not be prescribed when leuko- 
penia or marrow hypoplasia is present. 
_ Patients receiving chloramphenicol therapy 
should be followed with bi-weekly blood counts 
so that early signs of marrow injury may be dis- 
covered. . . .” If one recalls the article cited 
by Dr. Mendeloff earlier in the discussion, he 
will remember that there were changes in the 
blood counts and bone marrow findings 
in several patients receiving chloramphenicol 
therapy, but aplastic anemia developed in none 
of these patients, even on subsequent exposure 
to the drug. This mild depression is comparable 
to the well recognized mild leukopenia which 
occurred in many patients receiving prolonged 
sulfonamide therapy. The evidence is over- 
whelming that the leukopenia was unrelated to 
the occasional development of agranulocytosis 
in other patients. In other words mild depression 
of the white or red blood cell count, which may 
be seen with a number of drugs, is almost 
certainly an entirely different phenomenon, 
from the standpoint of pathogenesis, from the 
explosive onset of a life-threatening blood 
dyscrasia like agranulocytosis or aplastic anemia 
which occurs in a very small number of patients. 
In my opinion, therefore, there is no real 
evidence to substantiate the implied concept 
that if one discontinues treatment of patients 
when leukopenia occurs, the incidence of serious 
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blood dyscrasias will be decreased. Certainly we 


never hesitated to treat patients with the sulfona- 
mides when they exhibited a leukopenia, and I 
doubt that bi-weekly blood counts per se would 
be of any real value. A patient can have a nor- 
mal blood count at nine o’clock in the morning 
and have the full-blown picture of aplastic 
anemia six hours later. It is probably im- 
practical to attempt to avoid blood dyscrasias 
by blood counts or bone marrow examinations. 

Dr. Hunter: Further, as you pointed out, 
some of the dyscrasias do not develop until a 
significant period after the drug has been 
withdrawn. 

Dr. C. V. Moore: I think Dr. Reinhard’s 
point is certainly an important one which must 
be emphasized. In summarizing this discussion 
I believe the consensus certainly favors the 
diagnosis of aplastic anemia in this patient, and 
it is suspected that chloramphenicol may have 
caused the dyscrasia. The patient probably had 
prostatitis but no other specific genitourinary 
lesion at the onset of his illness; and although 
the cause of his death is not clear, it may well 
have been an overwhelming infection with a 
mycotic organism or a severe hemorrhage, or 
perhaps even a combination of the two. 

Clinical Diagnosis: Aplastic anemia, presum- 
ably due to chloramphenicol; overwhelming 
infection, ? fungal in origin and/or hemorrhage. 


PATHOLOGIC DISCUSSION 


Dr. Ricuarp L. Swarm: There were striking 
numbers of petechiae and ecchymoses in the 
skin, and similar foci were present on all the 
serosal surfaces and in all the viscera. The 
femoral and vertebral bone marrows were light 
yellow and similar in appearance in both sites. 
The lungs were heavy, weighing 1,900 gm. 
There were nodular, dark red, firm areas in the 
lower lobes. The heart showed grey flecks 
scattered through the myocardium, and on the 
endocardium beneath the posterior leaflet of 
the mitral valve there was a soft, friable vegeta- 
tion. The stomach and bowel contained dark 
material stained by partially digested blood. 
In the mucosa of the small intestine, as shown 
in Figure 1, there were small grey, ulcerated 
nodules covered by a thin fibrinous membrane. 
The liver, kidneys, mesenteric nodes and most 
other viscera also contained nodules of firm, 
homogeneous, material as is shown in 
Figure 2. These nodules were of the consistency 
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Fic. 1. Grey nodules of monilial granulomas with overlying ulceration and hemorrhage in the ileum. 
Fic. 2. Sharply outlined, firm granulomas in the liver and kidneys; these lesions were quite suggestive 


in their gross appearance of a metastatic tumor. 


of tissue, and their sharp outlines gave them an 
appearance suggestive of metastatic tumor. The 
genitourinary tract was not remarkable grossly 
except that the urinary bladder had small ulcers 
and ecchymoses in its mucosa. The prostate 
was normal. 

Dr. Rosert A. Moore: There are three 
principal problems with which we should be 
concerned. First, the matter of the urinary tract 
infection or the prostatitis; second, the pancy- 
topenia; and third, the nature of the nodules 
which were present in many of the solid viscera 
and the mucosa of the intestine. 

Regarding the first problem Figure 3 illus- 
trates a section of the urethra of this patient. 
The loose connective tissue beneath the transi- 
tional epithelium is infiltrated with a few small 
cells, and the blood vessels are prominent. This 
section, strictly speaking, represents a mild 
inflammatory reaction in the urethra; if one 
interprets this type of change as that of prostati- 
tis, everyone over the age of forty or forty-five 
years has the disease. From a histologic view- 
point it lacks ‘certain features which character- 
ize true bacterial inflammation or infection. 
Particularly, cells are not seen migrating through 
the epithelium, such as is common in bacterial 
inflammatory conditions of other mucosal sur- 
faces and in true acute prostatitis. I believe 
that the changes seen here might be called 
“physiologic inflammation,” and that they are 


felated to the hormonal conditions and to the © 


changes that the prostate undergoes with ad- 
vancing age. Elsewhere in the prostate of this 
patient there was the typical tall, columnar epi- 
thelium of a young adult. The stroma was free 
of signs of inflammation; and if this man did 
have acute bacterial prostatitis when he was 


first treated, there was no evidence of it at the 
time of his death. In the remainder of the 
urinary tract we found no evidence of disease. 

In respect to the pancytopenia we have 
studied particularly the sternal, vertebral and 
femoral bone marrow. The femoral bone mar- 
row consisted of little but fat. Marrow typical 
of the sternum and vertebrae is shown in - 
Figure 4. It is remarkably fatty and there is an 
edematous precipitate between the cells such 
as is characteristic of an acutely hypoplastic 
marrow. We were unable to find a megakaryo- 
cyte in any of the marrow sections. Among the 
cellular elements that were present (Fig. 5), 15 
to 25 per cent were plasma cells. There was 
enough proliferative activity that a mitotic 
figure was found in almost every high power 
field. There were some hematopoietic elements, 
probably of both the erythroid and myeloid 
series, although they were difficult to identify 
with certainty; mitotic division was occurring 
in some of them. The majority of the cells were 
primitive, admixed with large numbers of 
plasma cells and lymphocytes. The lymph nodes 
showed the picture of exhaustion but no other 
changes. 

At the time of autopsy we were a little 
puzzled by the nodules we found; the third 
problem in this case was whether the nodules 
represented tumor or some granulomatous in- 
fection. The question was rapidly resolved by 
smears, frozen sections and cultures, in all of 
which fungi were seen and specifically identified 
as Candida albicans. This patient, therefore, 
was suffering from disseminated moniliasis. The 
nodules in the intestine were necrotic foci of 
colonization of the organisms. The myocardium 
in Figure 6 shows a lesion in which the fungi 
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Fic. 3. “Chronic urethritis”; a common incidental finding that is a physiologic response to the hormonal and 
age changes of the urogenital epithelium and its stroma. 


Fic. 4. Hypoplastic vertebral bone marrow typical of the most densely cellular regions of that organ; the per- 


sisting cells are mostly plasma cells and primitive cells. 


Fic. 5. A high magnification of a clump of cells in the bone marrow showing the plasma cells and the mitotic 


figures that were commonly present. 


Fic. 6. A focus of acute necrosis and growth of fungi in the myocardium. 


were growing into the surrounding tissue with- 
out invoking any cellular reaction whatsoever. 
A higher magnification of this almost pure 
culture is shown in Figure 7. The mural vegeta- 
tive endocarditis is shown in Figure 8 and 
probably resulted from the extension of a lesion 
within the myocardium. It undoubtedly con- 
tributed to the widespread dissemination of the 
fungi, although this man must have had a previ- 
ous dissemination that established the lesion 
within the myocardium. The vegetation itself 
consisted only of organisms and fibrin. 

In Figure 9 colonies of candida can be seen 
within an artery in the kidney. The colony in 
the upper left corner has the structure typical 
of fungi when they grow in necrotic tissue, while 
those which form the other mass in the center 
are identical in histologic structure to the 
mycotic vegetation in the heart. Outside the 
vessel is a cellular response of lymphocytes and 
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plasma cells. Figure 10, also from the kidney, 
shows a lesion starting in a glomerulus; outward 
growth of fungi has produced acute necrosis 
without any cellular reaction. 

Finally in other organs a _ hemorrhagic 
necrotizing pneumonia with many fungi but 
no cellular reaction was noted, and there was 
incidental and unexplained obstructive biliary 
cirrhosis of slight degree. The liver, spleen and 
kidneys showed no significant abnormalities, 
and certainly no damage from the blood 
transfusions. 

In summary, from our observations, this 
man had pancytopenia as reflected by profound 
atrophy of the bone marrow. The presence of 
some mitoses ,indicated that the marrow was 
beginning to regenerate. The patient had re- 
ceived a variety of antibiotic drugs, at least two 
of which are known to be associated with this 
dyscrasia, but with our present state of knowl- 
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Fic. 7. An almost pure colony of Candida albicans in the myocardium. 


Fic. 8. The endocardial vegetation of the posterior wall of the left ventricle; it is composed entirely of fibrin 


and fungi. 


Fic. 9. Colonies of fungi within an artery in the kidney; the one near the center of the figure is identical in its 


histologic structure to the vegetation in the heart. 


Fic. 10. A lesion arising and extending from a glomerulus; the granular material consists of blood and fungi. 


edge we can do no more than note the coinci- 
dence of those facts. During the terminal period 
of his illness disseminated moniliasis developed. 
This complication has been observed to occur 
in other patients who have received long- 
continued courses of broad spectrum antibiotics. 
It is not certain that the pancytopenia con- 
tributed much to this last manifestation, for it 
occurs in patients who do not have leukopenia. 
The lack of cellular inflammatory response 
makes it difficult to estimate with accuracy the 
duration of this terminal phase, but it was un- 


doubtedly short. At the time of death there 
remained no discernible evidence of the 
disease for which the patient originally was 
given antibiotics. 

Final Anatomic’ Diagnoses: hypoplasia of the 
bone marrow, advanced; acute disseminated 
moniliasis; hemorrhage into the lumen of the 
stomach and intestine. 


Acknowledgment: Illustrations were made by 
the Department of Illustration, Washington 
University School of Medicine. 
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Case Reports 


Autoimmune Hemolytic Disease and 
Cryoglobulinemia Associated with 


Chronic Lymphocytic Leukemia’ 
Hematologic and Metabolic Studies 


ALBERT B. CRAIG, M.D., CHRISTINE WATERHOUSE, M.D. and LAWRENCE E. YOUNG, M.D. 
Rochester, New York 


Hematologic alterations produced by ad- 
ministration of ACTH and cortisone (com- * 


object of this article is to report with regard to serologic and therapeutic aspects. 
| hematologic and metabolic studies in a 


case of chronic lymphocytic leukemia 
complicated by autosmmune hemolytic disease 
(symptomatic, acquired hemolytic anemia). 
Observations have been made over a period of 
seven years, with intensive study during a period 
of hemolytic crisis and during a period of partial 
remission from both the hemolytic and leukemic 
processes following administration of adreno- 
corticotrophic hormone (ACTH). Remission oc- 
curred on two separate occasions after use of 
the hormone and was sustained without mainte- 
nance therapy for about nine months after the 
first course and is currently (August, 1951) sus- 
tained six months after the second course. 

Much less favorable results have been ob- 
served in this clinic in other cases of acquired 
hemolytic anemia after administration of ACTH. 
We have been impressed, moreover, with the 
frequency of spontaneous remissions of the 
hemolytic process in some cases studied over 
long periods of time. Evaluation of the thera- 
peutic efficacy of ACTH (and cortisone) in the 
treatment of hemolytic and leukemic states is 
difficult and will not be attempted in this article. 
The chief purpose of this report is to describe 
the qualitative and quantitative changes ob- 
served in a single unusual case subjected to in- 
tensive study. Observations on other patients 
with autoimmune hemolytic disease in this 
clinic will be reported separately, especially 


pound E) in normal animals and men and in 
certain disease states have been described by 


~ other authors,'~* and the rationale for the use 


of these hormones in lymphocytic leukemia has 
been discussed.**® Dameshek, Rosenthal and 
Schwartz® have reported eight cases of acquired 
hemolytic anemia (five idiopathic and three 
symptomatic) treated with ACTH. Ameliora- 
tion of the hemolytic process occurred in each 
instance together with a fall in the titer of 
hemagglutinins in the serum and with reversal 
of the antiglobulin reaction in three cases. The 
rise in red blood cell count was attributed 
chiefly to a decrease in the rate of hemolysis as 
a result of diminution of antibody production 
or reactivity. Accelerated erythropoiesis was 
considered by these authors to be a possible 
additional factor in the response to ACTH. 
Gardner, McElfresh, Harris and Diamond’ 
have also observed favorable response to ad- 
ministration of ACTH in eight cases of idio- 
pathic acquired hemolytic anemia. 

In the case to be reported herein red cell 
destruction was promptly decelerated followin? 
ACTH therapy; the rate of in vivo hemolysis 
was not well correlated, however, with the 
amounts of autoantibody demonstrable on the 
patient’s red cells and in the patient’s blood 
serum. 


* From the Division of Cancer Research and the Department of Medicine of the University of Rochester School 
of Medicine and Dentistry, and the Medical Clinic of the Strong Memorial Hospital, Rochester, N. Y. This study was 
aided by grants from the Damon Runyon Memorial Fund for Cancer Research, the United States Public Health 


Rochester (NR 131-174). 
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CASE REPORT 

D. M., (also referred to in another report®) a 
fifty-four year old white female, was found to 
have chronic lymphocytic leukemia in June, 
1944. During the next five years she tired easily 
but continued to do most of her housework. The 
only complication during this period was the 
development of chronic bronchitis which began 
in May, 1948. Enlarged cervical and axillary 
nodes were subjected to external radiation on 
five occasions with satisfactory response. Other 
nodes, the liver and the spleen were not palpable 
at any time. 

The principal hematologic findings in this 
case are summarized in Figure 1. Between June, 
1944, and June, 1949, the total white blood cell 
count varied from 50,000 to 70,000 except after 
radiation when it dropped to the range of 14,000 
to 20,000. During the latter part of 1949 the 
white blood cell count rose progressively while 
the erythrocyte count declined; thirteen trans- 
fusions of 500 ml. each of whole blood were 
given during the period. In view of persistent 
reticulocytosis and the development of slight 
spherocytosis during January, 1950, a hemo- 
lytic process was suspected. The red cells were 
first tested with antiglobulin serum on January 5, 
1950, and were found to give positive reactions. 
Osmotic and mechanical fragilities of the ery- 
throcytes were first found to be significantly 
increased on February 5, 1950. 

In the latter part of January, 1950, the patient 
became very weak; the cervical nodes became 
enlarged and painful and the rate of red cell 
destruction increased rapidly. On admission to 
the metabolic division on February 4, 1950, she 
was severely ill. There was enlargement of 
cervical and axillary nodes but the liver and 
spleen could not be felt. The temperature was 
38.7°c. Bronchopneumonia had developed in 
the right lower lobe. The white blood cell count 
was 112,000, erythrocyte count 2.12 million, 
hematocrit 16.8 per cent and reticulocytes 2.9 
per cent. The differential count of the white 
cells was as follows: segmented neutrophils 8; 
small, mature lymphocytes 87 and lymphocytes 
of intermediate size 5 per cent.: Platelets were 
present in normal numbers. Approximately 
5 per cent of the red cells appeared spheroidal 
and 2 to 3 per cent showed diffuse basophilia. 


Methods and Plan of Metabolic Study 


The methods and plan of metabolic study 
were as follows: Metabolic studies were carried 
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out during thirteen of five days each in 
February, March and April, 1950. The diet, 
twenty-four-hour urine specimens and pooled 
five-day stool specimens were analyzed for con- 
tent of nitrogen, chloride, phosphorus, calcium, 
sodium and potassium, according to the technics 
outlined previously.* Fecal urobilinogen deter- 
minations’® were carried out on the stool samples 
from each period and are recorded in milligrams 
of urobilinogen per day. The hemolytic index, 

mg. fecal urobilinogen per day 100 
total circulating hemoglobin in gm. 
computed by the formula of Miller, Singer and 
Dameshek"! (normal range = 11 to 21 mg. per 
100 gm. hemoglobin per day). All blood trans- 
fused was collected in acid-citrate-dextrose 
medium and stored at 4°c. for one to three days 
before use. Serum from each donor was tested in 
order to eliminate those with anti-A antibodies 
having high titer and immune characteristics. '* 

Blood from the patient was drawn daily be- 
tween 8:00 and 9:00 a.m. for hematologic and 
chemical determinations. Methods for differ- 
ential agglutination of red cells'* and for meas- 
urement of antiglobulin titer®*:"* and osmotic’ 
and mechanical fragility'® of erythrocytes are 
described elsewhere. Determinations of hemato- 
crit were made by the Wintrobe method. Reticu- 
locytes were stained with brilliant cresyl blue 
and the per cent of the patient’s own red cells 
that were reticulocytes at any given time was 
computed by assuming that all of the donated 
red corpuscles in the patient’s circulation were 
mature. 

The plan of study was dictated by the course 
of the patient’s illness. During period 1 the 
patient was suffering from bronchopneumonia. 
Her intake during these five days consisted only 
of ginger ale. From the beginning of period n 
until the end of period xm, however, the dietary 
intake was constant, the same food being con- 
sumed each day. Repeated analyses showed that 
the day’s ration of 2,254 calories contained 
15.71 gm. nitrogen, 1.52 gm. phosphorus, 
83 mEq. potassium, 174 mEq. sodium and 
168 mEq. chloride. 

It was originally planned to give blood trans- 
fusions only at the start of the experiment. After 
ten days it became obvious, however, that the 
patient would require more blood. An attempt 
was therefore made to transfuse sufficiently often 
and in large enough quantities to maintain the 
hematocrit at a nearly constant figure starting 
with period 11. 
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The hematocrit and total red blood cell count 
were fairly well stabilized after twenty more days 
of this program, that is, at the end of period v1 
when ACTH therapy was instituted. The pa- 
tient received 100 mg. of ACTH each day 
(Armour Standard LA-1-A control No. H7511 
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fluid, the dose of the hormone being reduced by 
one-half on the tenth day because of the develop- 
ment of marked edema. The lymph nodes began 
to regress after four days of ACTH therapy and 
became barely palpable by the fifteenth day. 
When ACTH was discontinued, there was an 
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Fic. 1. Summary of principal laboratory findings in relation to therapy over 
period of seven years in case of D. M. Transfusions given in 1949 are recorded as 
cc. of whole blood; transfusions in 1950 are recorded as cc. of red blood cells. 


List 3185) in four divided doses during periods 
vu and vil, and during period rx the dose was 
reduced to 50 mg. per day. The same lot of 
ACTH was used throughout. No ACTH was 
given during the last four periods of meta- 
bolic study. Bronchopneumonia recurred during 
period xn, necessitating the use of aureomycin 
for five days. A total of sixty-five days, or thir- 
teen five-day periods, were spent on the metab- 
lism division, 
Clinical Course 

The clinical course was as follows: During 
the thirty days required for control study on the 
metabolism division the patient was ambulatory 
but she experienced some lassitude, headache 
and anorexia when the hematocrit fell below 
24 per cent. Administration of ACTH was 
complicated by the retention of extracellular 
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immediate diuresis and a weight loss of 5.8 kg. 
associated with loss of all edema. Although the 
concentration of potassium in the serum 
promptly rose to normal levels, weakness disap- 
peared slowly. Clinical improvement was pro- 
gressive, however, (except for an intercurrent 
infection in period xm) and by the end of twenty 
days after ACTH was discontinued her appetite 
was good and she was able to carry on moderate 
activity. 

Since conclusion of the metabolic study the 
patient has had several episodes of broncho- 
pneumonia and roentgenograms of the chest 
after instillation of lipiodol have revealed evi- 
dence of bronchiectasis in both lower lobes. 
Until January, 1951, the cervical and axillary 
lymph nodes enlarged but little, the total white 
cell count remained below 20,000 and the 
hematocrit was maintained at 35 to 38 per cent 
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without transfusion. She tired easily but was 
ambulatory and did light housework during this 
period. 

In January, 1951, the cervical and axillary 
lymph nodes enlarged considerably and the 
total white cell count rose to 66,000 while the 


Fic. 2. Hematologic alterations in case of D. M. 
immediately before and during metabolic study. 


hematocrit fell to 23 per cent and the reticulo- 
cytes increased to 9 per cent. She was admitted 
to the hospital on January 31st and remained 
until March 30th. During this admission she 
received a total of 1,150 mg. of ACTH over 
periods totaling twenty-five days. (Fig. 1.) The 
hematologic response was less dramatic than in 
March, 1950, due perhaps in part to the fact 
that she was less acutely ill than at the start of 
the metabolic study. The slower response in 
1951 might also be attributed to the smaller dose 
used, namely, 50 mg. per day for twenty-one 
days and 25 mg. per day for four days. No 
edema developed during this period. 

Since the cervical and axillary lymph nodes 
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did not regress promptly after use of ACTH, 

x-ray therapy was again applied daily to these 

areas from March 7th to March 17, 1951. The 

nodes then became barely palpable and have 

not since enlarged. Cortisone was given orally 

in doses of 100 mg. per day from March 30th 
TABLE 1 


SUMMARY OF DATA ON NET REP CELL CHANGE AND FECAL 
UROBILINOGEN EXCRETION 


Hemo- 
lytic 

Red | Net Red Fecal | index 

Cells | Blood | in Red | (mg. 
Trans- | Cell Cell 

| fused | Change | Mass me bilino- 
(cc./ | (cc./ | (ce./ | gen per 
period) | period) | period) ¥? | 100 gm. 
hg. / 

day) 

1 1566 | —296 | +1270] 122 24.5 
On 0 —770 | —700 | 333 142.0 
m | 811 —591 | +220 | 536 92.8 
iv | 803 | —883 | —80 720 173.0 
v 1182 | —1317| —135 | 918 272.0 
vi | 1315 | —1285 | +30 772 191.5 
vi | 531 —991 | —470 | 464 118.5 
vm | 1276 | —746 | +530 | 575 110.0 
mo | 512 | —192 | +320 | 715 132.5 
x 0 —550 | —550 | 292 98.2 
XI 0 0 0 181 55.0 
xi 0 +120 | +120 | 148* 49.8 
XIII 0 —140 —140 70* 22.5 


* The amount of urobilinogen excreted in the stool 
during Periods xm and xi was quite likely reduced by 
oral administration of aureomycin. 
to April 14th and in doses of 75 mg. per day 
from April 15th to April 20, 1951. Cortisone was 
given with the hope of maintaining hematologic 
improvement, but the patient’s cough became 
worse as had previously been noted during 
ACTH therapy. She was readmitted to the 
hospital from April 28th to June 6, 1951, be- 
cause of a severe bout of bronchopneumonia 
which responded slowly to administration of 
antibiotics and sulfonamides. The partial hema- 
tologic remission has been well sustained (Fig. 1) 
but chronic cough and intermittent fever persist 
as of August, 1951. 


Hematologic Results 
the period of metabolic study are shown in 
Figure 2 and Table 1. 
Estimates of the net red blood cell change 
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(i.e., the difference between the volume of red 
blood corpuscles produced per unit time and 
the volume destroyed in the same unit of time) 
were made on the basis of the volumes of trans- 
fused red blood cells required to keep the red 
blood cell mass constant. Red blood cell mass 
was calculated from determinations of the 
hematocrit and plasma volume. 


Plasma volume X hematocrit | 
100 — hematocrit 


The net body red cell change was then calcu- 
lated as red blood cell mass (end of period) 
— red blood cell mass (start of period) — 
ume of red blood cells infused. The roughness of 
these calculations is fully realized, particularly 
with respect to plasma volume, which was as- 
sumed to be a constant part of the extracellular 
fluid. However, the changes in extracellular 
fluid were negligible at all times except during 
the period of administration and withdrawal of 
ACTH when gain balanced eventual loss. 

During periods 1, m1 and rv there was a deficit 
of between 140 and 160 cc. of cells per day. 
(Table 1, column 2.) The negative balance be- 
came more marked in periuds v and v1 at which 
time the rate was about 260 cc. of cells per day. 
While receiving ACTH the loss became progres- 
sively less and in the control periods after ACTH 
therapy the rates of red cell production and 
destruction became nearly equal. No trans- 
fusions have subsequently been required. 

The plot of net red blood cell change in 
Figure 2 is nearly a mirror image of the plot of 
the hemolytic indices; both plots reflect changes 
in the rate of red cell destruction. Hemolytic 
indices could not be determined accurately 
during the subsequent periods of observation in 
1950 and 1951 because the bacteria responsible 
for conversion of bilirubin to urobilinogen in 
the intestine were greatly reduced in numbers 
by oral administration of antibiotics (aureo- 
mycin and terramycin). 


During the period of metabolic study the 


patient’s washed erythrocytes were tested every 
two or three days with serial dilutions of anti- 
globulin rabbit serum; tests have subsequently 
been made at intervals of two days to two weeks. 
Because of difficulties inherent in quantitation 
of the antiglobulin reaction, the results of these 
titrations are not included in Figure 2. It is 
noteworthy, however, that the reactions became 
negative for a period of nine days, starting with 
the tenth day of the first course of ACTH therapy 
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in March, 1950. The reactions have since been 
of moderate strength as they were constantly 
before therapy and they were not appreciably 
modified by administration of ACTH and 
cortisone during February, March and April, | 
1951. Antibody eluted from the patient’s red 
cell stroma sensitized normal red cells for the 
antiglobulin reaction and directly agglutinated 
trypsinized normal red cells of all types tested.*-"” 

There was a sharp rise in both osmotic and 
mechanical fragility of the red cells between the 
twentieth and forty-fifth days of the period 
covered by the graph of Figure 2. During this 
period the rate of red cell destruction increased 
substantially, as indicated by the brisk reticulo- 
cytosis, low count of the patient’s red cells, heavy 
requirement for transfused red cells and the 
increased excretion of urobilinogen i in the feces. 
The serum bilirubin concentration varied from 
2.0 to 3.0 mg. per cent at this time but there was 
no hemoglobinemia and no absorption band in 
the red portion of the spectrum (indicative of 
methemalbuminemia) could be seen on repeated 
examinations of the serum. 

From the first to the tenth and from the 
thirteenth to the twenty-second days of the 
period covered by Figure 2 no transfusions were 
given. The slopes of the decay curves for donated 
cells and the patient’s cells during these periods 
indicate that the donated cells and the patient’s 
own cells were being destroyed rapidly and in- 
discriminately. Smears of capillary blood drawn 
during the periods of most active red cell destruc- 
tion revealed that nearly all of the red cells 
(including the donated corpuscles) that were not 
reticulocytes had become spheroidal. Sphero- 
cytes became much less numerous after ACTH 
therapy but approximately 3 to 5 per cent of the 
red cells appeared spheroidal until May 18, 
1950. Subsequent smears and wet preparations 
have revealed little or no spherocytosis. Figures 
for osmotic and mechanical fragility of the red 
cells have since remained in or near the normal 
range even during the period of increased hemo- 
lytic activity in January and February, 1951. 
(Fig. 1.) 

There was substantial reticulocytosis prior 
to ACTH therapy both in March, 1950, and in 
February, 1951. It is, therefore, likely that 
amelioration of the anemia following therapy 
was due largely to deceleration of red cell 
destruction rather than to acceleration of ery- 
thropoiesis. During the first ten days of ACTH 
therapy in February, 1951, however, reticulo- 
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cytes gradually increased from 9 to 16 per cent, 
suggesting some enhancement of red cell 
formation. 

Fluctuations in the leukocyte counts in rela- 
tion to ACTH and other therapy are shown in 
Figures 1 and 2. The decline in lymphocytes 
was less striking during and after the second 
course of ACTH than after the first. The total 
white cell count actually increased from 66,000 
to 103,000 during the first eight days of the 
second course in February, 1951, and thereafter 
the decline in count was relatively slow. The 
proportion of lymphocytes in the smear was not 
significantly altered during administration of 
ACTH and cortisone in 1951. — 

Eosinophils ranged from 0 to 3 per cent before 
and during the first course of ACTH and have 
subsequently varied from 0 to 10 per cent. 
Counts of 0 to 0.5 per cent were obtained before 
and during the second period of ACTH (and 
cortisone) administration in 1951. There has 
recently been some correlation between the 
degree of eosinophilia and the severity of bron- 
chitis and bronchopneumonia. Enumeration of 
eosinophils in the counting chamber has been 
difficult because of aggregation of white cells 
in small lumps of cryoglobulin. 


Serum and Plasma 


The titer of hemolytic complement in the 
serum has remained within the normal range. 
Cold hemagglutinins and incomplete warm anti- 
bodies (capable of agglutinating trypsinized 
normal red cells or of sensitizing normal red 
cells for the antiglobulin reaction) have been 
detected at times in very low titer but hemoly- 
sins have never been demonstrable, even in tests 
with trypsinized cells.*:'* The various reactions 
of the serum with normal red cells have in 
general been too weak for measurement in rela- 
tion to therapy. The possibility that the large 
amount of cold precipitable globulin present 
in the serum might interfere with the serologic 
reactions has not yet been entirely excluded. 
Cryoglobulin'® was first demonstrated in the 
patient’s blood on November 26, 1949, and has 
since been constantly present. The total protein 
concentration in the serum has been approxi- 
mately 0.7 gm. per 100 cc. lower in clotted 
blood maintained at 4°c. than in that kept at 
40°c. prior to determinations by the Kjeldahl 
method. Blood drawn into oxalate has invariably 
shown gel formation within five to ten minutes 
at room temperatures of 22° to 28°c. Storage of 
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plasma or serum at 4°c. has regularly produced 
large gelatinous masses within ten to thirty 
minutes. The gels have been readily liquefied 
by warming to 37 to 40°c. 

Dr. Eric Alling studied the electrophoretic 
patterns of the plasma on ten occasions between 
November 26, 1949, and April 11, 1950. His 
observations were as follows (personal com- 
munication): “The concentration of gamma 
globulin was always low (0.4 + 0.1 gm. per 
100 cc.). In four of the ten patterns there was a 
small abnormal peak migrating more slowly 
than gamma globulin. This probably a 
sented a complex between a cryoglobulin and 
gamma globulin. The possibility of such com- 
plex formation is rendered more likely by the 
fact that the isoelectric point of the cryoglobulin 
was 8.6 as determined by the pH of minimum 
solubility and by precipitation by an anionic 
detergent. It is probable that the variations in 
the gamma globulin concentrations were due to 
occasional incomplete precipitation of the cryo- 
globulin during the period in which the plasma 
stood at 4°c. prior to dialysis. The fibrinogen 
concentration was 25 per cent above normal 
before the first course of ACTH and during 
therapy decreased to 50 per cent of the original 
figure.”’ 

Results of Metabolic Studies 


The nitrogen, phosphorus, calcium, sodium, 
chloride and potassium balance data are given 
in Table m and Figure 3. The gross balances 
were Calculated in the usual way, i.e., intake 
was considered to consist of food, transfused 
cells and plasma. Output was measured in the 
urine, stool and blood withdrawn for study. 
Since considerable and variable percentage of 
the intake was contained in the blood given, 
analysis of the transfused red cells was of 
importance. 

Thirteen different lots of pooled blood amount- 
ing to a total of 8 L. of red cells were used in 
transfusing this patient during the period of 
metabolic study. Each pool was analyzed for 
content of nitrogen, sodium, potassium, chloride, 
phosphorus and calcium; plasma and whole 
blood were analyzed separately. The hematocrit 
of each pool was also determined. The average 
values for the aforementioned elements found 
in the red cells are listed in Table m. The 
specific values for each pool were used in com- 
puting the gross balance at the time the blood 
was given. 
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Calculations of gross balances did not take 
into account the changes of red cell mass which 
were known to have occurred. Although these 
changes were not great except during periods 1 
and n, the nitrogen content of the red blood cells 
was high enough to cause significant changes in 
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were concerned in the transfused red blood cells 
were determined from the average analytical 
values and subtracted from the gross balance 
figures. The net balance thus computed pro- 
vided a correction of the gross balance for fail- 
ure to maintain a constant red cell mass. Since 


Net 
Trang. | Gross |Net Celt] Net | Gross | Net Cet}, Net | Bld | Gross | Cell | Net 
fused Balance | Balance fused Balance | Balance | Balance fused Balance | Bal- | Balance 
Pe- ance 
riod 
Nitrogen Calcium 
(gm.) (gm.) (gm.) 
| 82.0 | +24.7| +58.6 | —33.9{| 1.20 | —0.58 | +0.84 0.11 | —0.71 0 —0.71 
ni 0 —3.1 | —35.5 | +32.4 0 +1.97 | —0.51 | —2.48 0 | +0.48 0 +0.48 
111 43.3 | +26.2) +10.2 | 0.66 | +1.68 | +0.15 | +1.53 0.03 | +0.14 0 +1.41 
IV 41.9 | +18.44 —3.7 | +22.1 0.55 | +1.10 | —0.05 | +1.15 | 0.04] +0.62 0 —0.62 
Vv 52.0 | +5.3 | —6.2 | +11.5| 0.81 | +0.96 | —0.09 | +1.05| 0.06 | +0.03 0 +0.03 
vI 68.7 | +14.7| +1.4 | +13.3 | 0.88 | +0.64 | +0.02 | +0.62| 0.09 | —0.24 0 —0.24 
31.2 | —43.6| —21.7 | —21.9| 0.46 | —2.49 | —0.31 | —2.18 | 0.03 | +0.89 0 +0.89 
66.9 | —26.0) +24.5 | —50.5| 0.83 | —4.08 | +0.35 | —4.43| 0.05 | —1.21 0 —1.21 
mf} 26.9 | —33.3) +14.8 | —48.1 | 0.35 | —1.16 | +0.21 | —1.37/] 0.02] +0.18 0 +0.18 
x 0 —21.0) —25.4 | +4.4 0 —0.61 | —0.36 | —0.24 0 —1.02 0 —1.02 
x! 0 —5.7 0 —5.7 0 +0.42 0 +0.42 0 +1.17 0 +1.17 
XII 0 —18.2) +5.5 —23.7 0 —3.88 | +0.08 | —3.%6 0 —6.29 0 —6.29. 
xii 0 +5.2 | —6.5 | +11.7 0 —0.29 | —0.09 | —0.29 0 —2.41 0 —2.41 
Pe- Chloride Sodium Potassium 
riod (mEq) (mEq.) (mEq.) 
I 143 | —10 +66 —76 204 | —31 +16 —47 125 +19 | +96) —75 
i 0 | +201 —49 +250 0 | +184 —-10 | +194 0 +172 | —58 | +230 
11 74 | +148 | +411 +137 86 | +160 +2 +158 68 +118 | +17 | +4101 
IV 74 | —72 —4 —68 87 — 66 —1 —65 69 +135 | —6 +141 
Vv 106 —27 —7 —20 144 | +3 {| —2 +5 98 +138 | —10| +148 
vi | 122 | +72 | +2 +70 | 144 | +109 0 | +109 | 109 | +137] +2 | +135 
vu* 53 | +373 —25 +398 62 | +610 —6 +616 45 —123 | —35 —88 
va*; 123 | +550| +28 +522 | 122 | +699 +7 +692 107. —141 | +40; -—181 
mt 46 | +6 +17 —13 54 | +147 +4 +143 42 —37 | +24| —61 
x 0 | —576 —19 —557 0 | —1094| +7 +1087 0 +151 | —41 +191 
xI 0 |; —15 0 —15 0 |; —111 0 —111 0 +65 0 +65 
XII 0 | —138 | +6 +144 0 | —124 +2 —126 0 +22 | +9 +13 
XI 0 | +106; -—7 +113 0 | +133 —2 +135 0 +16 | —11 +27 


* ACTH was administered in dose of 100 mg. daily during this period. 
t ACTH was administered in dose of 50 mg. daily during this period. 


the gross balance even when rather small volume __the net balance figures were considered the best 

occurred. The calculations of changes __ possible indices of general metabolic changes in 
in red cell mass have already been described and ___ this case, only these figures will be considered in 
the figures obtained are given in Table1, column _— the remainder of the discussion. (Table n, Fig. 3.) 
3. The amounts of the elements with which we During the control study the patient was in 
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positive mitrogen balance (10 to 20 gm. per 
period) with the exception of period 1. At that 
time (period 1) the patient was receiving no 
nitrogen in her diet and the negative figure was 
to be expected. While receiving ACTH the pa- 
tient exhibited a negative nitrogen balance to a 


rece, 
2348585 6€ F786 HH B 


Fic. 3. D. M., age fifty-two, female, unit No. 127082. 
Body weight; potassium, phosphorus and nitrogen 
balances. Intake indicated by solid line. Output 
extending above the intake indicates negative bal- 
ance; below, positive balance. ACTH 100 mg. per 
day given in period vi and vim, 50 mg. per day in 
period 1x. 


marked degree. The total nitrogen lost during 
the three periods was 120 gm. It is evident that 
the patient was returning to positive balance in 
period x. The temporarily negative balance seen 
in period xm was undoubtedly caused by a 
pneumonic process which she developed. 

~The phosphorus balances followed closely the 
_ pattern of nitrogen throughout; in fact, the 
calculations of the theoretic nitrogen balances 
from calcium and phosphorus (with the excep- 
tion of periods vi and 1x) agreed remarkably 


well with the actual nitrogen balance when the ' 


net figures for both were considered. (Table rv, 
column 4.) | 

There was no consistent trend or change 
noted in the calcium balance. Beginning in 
period Ix urinary excretion of calcium increased 
from an average control figure of 0.210 gm. per 
period (periods 1 to v1) to an average of 0.380 gm. 
of:calcium per period for the last five periods 
(periods 1x to 
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Chloride balances are recorded in Table u. 
The fluctuations seen during the control periods 
were not great. The patient retained 398 mEq. 
of chloride during the first five days of ACTH 
and even a greater amount, 522 mEq., was re- 
tained in the following period. After reduction 


TABLE 1 
SUMMARY OF DATA ON ANALYSES OF THIRTEEN LOTS OF 
POOLED RED BLOOD CELLS TRANSFUSED 
TO PATIENT, D. M. 


Mean | Deviation | Range 

46.14] +1.47 | 43.08-48.55 
12.9 | |. 6.2-16.6 
75.4 | +3.2 | 69.5-80,7 
52.3 | +4.5 | 43.7-58.9 
0.66} +.10 | 0.55-0.89 


of the dosage of ACTH a loss of 13 mEq. was 
seen. Withdrawal of the hormone produced a 
deficit of 557 mEq. in a five-day period. 

The extracellular fluid volume (ECF) was 
calculated from the chloride balance and the 
change in concentration of chloride in the serum 
as described by Elkington et al.*° and the results 
are seen in Table rv, column 1. 

The fluctuations during the control periods 
were small, but during three periods of ACTH 
therapy there were gains of 2.0, 4.9 and 0.6 L., 
respectively, for periods vu, vim and 1x or a total 
gain of 7.5 L. During the first period after ACTH 
the patient lost 5.7 L. 

-The amount of sodium unaccounted for by 
changes in extracellular fluid is recorded in 
Table rv, column 2. During periods vu and 1x 
much more sodium than chloride was retained 
and during periods x and x1 more sodium than 
chloride was lost. 

- Potassium balances are shown in Table u. In 
periods 1 to vi there was a definite retention of 
potassium in amounts of 101 to 230 mEq. per 
ptriod. While receiving ACTH the patient lost 
a total of 330 mEq. potassium, gaining 256 mEq. 
in the first two periods after the drug was stopped. 

The theoretic nitrogen balances were calcu- 
lated, using the net potassium balances corrected 
for changes in extracellular fluid and the gen- 
erally accepted ratio, N:K = 1 gm.:2.7 mEq. 
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The results of these calculations are shown in 


Table tv, column 5. For the most part there was 


much greater retention of potassium than could 

be accounted for by nitrogen balances alone. 
Electrolyte concentrations as determined in serum 

samples are graphed in Figure 4. The rise 
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be detected in the serum of D. M. Since hemo- 
globinemia was not a feature of her illness, it is 
unlikely that intravascular hemolysis occurred 
to any great extent. A number of mechanisms 
might be suggested to explain the in vivo effect 
of non-lytic antibodies,‘ such as those demon- 


TABLE IV 
SUMMARY OF DATA PERTAINING TO SODIUM AND POTASSIUM EXCHANGE 
Extracellular Fluid Theoretical Nitrogen Balance 
Potassium 
Unaccounted 
Period From Phos- From 
(gm.) phorus or 
End of Period | During Period | cellular Fluid (Corrected for "os of Protein 
(L.) (L.) (mEq.) Calcium) (mEq.) 
(gm.) 
I 10.4 —0.2 +100 —33.9 —15 —28 +17 
" 11.6 +1.2 +16 +32.4 +30 +84 +141 
iI 12.7 +1.1 —52 +16.0 +21 +36 +58 
IV 11.8 —0.9 +29 +22.1 +19 +53 +82 
Vv 11.1 —0.7 +78 +11.5 +14 +54 +118 
VI 12.3 +1.2 —72 +13.3 +10 +49 +99 
vu* 14.3 +2.0 +158 , —21.9 —35 —33 —29 
vin * 19.2 +4.9 —59 —50.5 —52 —67 —45 
xf 19.8 +0.6 +118 —48.1 —19 —20 +69 
x 14.1 —5.7 —75 +4.4 +3 +70 +180 
xI 14.2 +0.1 —173 —5.7 —1 +24 +80 
XII 12.5 —1.7 +95 —23.7 —15 +5 +77 
13.5 +1.0 —48 +11.7 +13 +11 


* ACTH was administered in dose of 100 mg. daily during this period. 
ft ACTH was administered in dose of 50 mg. daily during this period. 


in serum sodium and chloride, as well as the 
simultaneous fall of serum potassium and phos- 


The mechanisms responsible for the shortened 
life span of both donated red corpuscles and the 
patient’s own red cells are not clearly understpod. 
In twelve cases of autoimmune hemolytic disease 
(acquired hemolytic anemia) studied in our 
laboratory there has been relatively little cor- 
relation between the rate of in vivo hemolysis and 
the results of various quantitative tests for meas- 
uring autoantibody in the serum and attached 
to the. patient’s red Other observers have 
had variable experience in this respect.®:?-1%-?! It 
is unfortunate that in D. M.’s case autoantibody 
has been detectable in the serum in amounts too 
small to measure in relation to the rate of red 
cell destruction. 

Hemolysins, which could sensunahly be ex- 
pected to produce hemolysis in vivo,'* could not 
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strable on the red cells and at times in the serum 
of D. M. Such antibodies might damage the 
erythrocytes more slowly than lysins or cause 
increased susceptibility of the red cells to trap- . 
ping and lysis within the They 
might also render the red cells more liable to 
phagocytosis by cells of the reticuloendothelial 
system.?* Another possibility suggested by the 
experiments of Castle, Ham and Shen” is that 
antibodies causing in vitro agglutination may 
produce the following sequence in vivo: intra- 
vascular agglutination of red cells, erythrostasis, 
tissue ischemia and release from autolyzing 
tissues of substances injurious to red cells. 

The stimulus for production of autoantibodies 
in both idiopathic and symptomatic cases of 
acquired hemolytic anemia is unknown. Al- 
though such antibodies are often encountered 
in patients whe have never been given a trans- 
fusion, the course of events in the case of D. M. 
suggests that the transfusions of whole blood in 
1949 might have played a part in activating the 
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hemolytic process. Experience in this case and 
in others studied in this clinic'’ further suggests 
that once the hemolytic disorder has become 
active, withholding of transfusions may at times 


be desirable in an attempt to decelerate red cell 
destruction. This aspect of autoimmune hemo- 


lytic disease deserves much more investigation. 


\ 
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Fic. 4: D. M., age fifty-two, female, unit No. 127082. 
Serum electrolytes before, during and after ACTH. 


In this clinic and elsewhere, patients with 
hemolytic anemia of the type described in this 
report have experienced remissions spontane- 
ously (i.e., without therapy), after radiation of 
superficial lymph nodes, after splenectomy and 
after administration of ACTH. It is impossible 
at present to state precisely how remission is 
brought about in any of these instances. The 
effects of ACTH and coristone on lymphoid 
tissue,*~*?? on antibody production®?*** and 
on the phagocytic action of the reticuloendo- 
thelial cells®® are subjects of continuing debate. 
Further observations obviously will be necessary 
in order to achieve a more complete understand- 
ing of the action of these hormones in decelerat- 
ing red cell destruction in the arpemaecenas 
hemolytic disorders. 

ber of circulating lymphocytes and in. the:size 
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of lymph nodes in patients with chronic leukemia 
seldom occurs without treatment but is often 
seen after radiation therapy. Similar results have 
recently been observed in some cases after ad- 
ministration of ACTH or cortisone.** In the 
case of D. M. response of the lymphoid tissue to 
the first course of ACTH was prompt and pro- 
longed after only fifteen days of therapy although 
response to the second course eleven months 
later was less dramatic. Although evaluation of 
hormonal therapy in chronic lymphocytic 
leukemia is difficult, it seems likely that in cases 
complicated by a hemolytic process the hormone 
has a double target, namely, lymphoid tissue 
and autoantibody formation (or reactivity). 
Relationship of the iymphoid structures to anti- 
body production may in fact be elucidated by 
further studies on cases of this type. 

The metabolic effects of ACTH observed in 
this patient were qualitatively in keeping with 
known results of adrenal cortical stimulation, 
namely, the production of negative nitrogen, 
phosphorus and potassium balances and reten- 
tion of sodium and chloride.**-** The quantita- 
tive relationships in the movements of these 
substances, on the other hand, followed a some- 
what unexpected pattern. ACTH has been 
shown experimentally to promote the catabolism 
of protein (which would cause excretion of all 
intracellular elements) and to stimulate gluco- 
neogenesis (which would cause retention of 
potassium and probably phosphorus). In any 
balance study ACTH would therefore increase 
nitrogen excretion without proportionately i in- 
creasing and potassium excretion. 
This has been found to be true in two patients 
with hypopituitarism.** An exchange of potas- 
sium and sodium .in the cells on both initia- 
tion and withdrawal of ACTH has also been 
demonstrated. 

Changes in phosphorus and potassium balance 
that occurred in this patient were explainable by 
neither of the aforementioned mechanisms. This 


pattern of change has been seen in this clinic in 


one other patient suffering from: reticulum cell 
sarcoma treated with ACTH. in similar dosage. 
During the first five days of ACTH administra- 
tions in the case of D. M., 26 mm. of phosphorus 
and 29 mEq. of potassium were excreted in 
excess of the amounts that should have been 
excreted with nitrogen. With reduction of the 
dose of ACTH to 50 mg. daily, there was abrupt 
moderation of potassium and phosphorus losses 
although excretion of nitrogen continued un- 
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abated. It is interesting that the deposition of 
intracellular sodium continued during this time. 
On withdrawal of the drug a prompt excretion 
of intracellular sodium and retention of potas- 
sium occurred although the phosphorus balance 
re-established its normal relationship with 
nitrogen. 

The loss of both intracellular cations and 
anions without equivalent loss of nitrogen, 
which was seen when 100 mg. of ACTH was 
given daily, may have been related to the 
destruction of leukemic cells. When the dose was 
reduced to 50 mg. daily, there was a conspicuous 
lack of excretion of potassium and phosphorus 
in amounts anticipated from the nitrogen bal- 
ance. This discrepancy might be accounted for 
by assuming that these elements were stored 
with glycogen. 

In stimulating the various functions of the 
adrenal gland, the effect of ACTH may vary 
widely, possibly depending upon dose and 
length of time administered and upon the 
clinical state of the patient. F 


SUMMARY 


1. Hematologic and metabolic studies were 
made before, during and after administration 
of ACTH in a case of chronic lymphocytic 
leukemia complicated by autoimmune hemo- 
lytic disease and cryoglobulinemia. 

2. Reduction in the number of circulating 
lymphocytes, in the size of the peripheral 
lymph nodes and in the rate of red cell destruc- 
tion was sustained for nine months following ad- 
ministration of 1,250 mg. of ACTH over a period 
of fifteen days. Response following a second 
series of injections of ACTH was less dramatic 
but was again well sustained. The possible mode 
of action of ACTH in this case is briefly dis- 
cussed, with particular reference to effects on 
lymphoid tissue and on production or reactivity 
of autoantibody. 

3. During ACTH therapy the expected loss 
of nitrogen, phosphorus and potassium occurred. 
The quantitative exchange of these substances, 
however, was believed to have been influenced 
by the destruction of malignant tissue as well 
as by the other known metabolic effects of this 
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Coarctation of the Aorta in Infancy 


Report of Two Cases with Death from Left Ventricular Failure 


H. Mitton Rocers, M.D., CounciLt C. Rupo.pn, M.D. and JoHn H. Corpses, JR., M.D. 
St. Petersburg, Florida 


clinical manifestations of coarctation 
of the aorta occurring in infancy differ 
greatly from the picture produced by the 
same anomaly in adult life. While Abbott! 
stimulated much interest in coarctation of the 
aorta in adults, she stated that in infants the 
anomaly was of little importance because it 
usually existed with other grave congenital 
cardiac anomalies. However, coarctation of the 
aorta may be the sole cause of cardiac failure 
in infants and its recognition is a matter of more 
than academic interest. The establishment of 
early diagnosis of aortic coarctation is of even 
greater importance since surgical measures may 
effect a cure in these cases, even in infancy. 

Calodeny and Carson? in 1950 reported 
twenty-two cases of coarctation of the aorta 
observed in infancy. These authors emphasized 
that one of the most common causes of cardiac 
failure in infants less than two months of age is 
coarctation of the aorta. In their series of cases of 
coarctation of the aorta other severe congenital 
abnormalities of the heart and great vessels were 
noted in 27 per cent of the cases. Gross* likewise 
commented on cardiac failure occurring in 
babies as a result of aortic block. This author 
observed eight babies with cardiac enlargement 
and failure developing within the first year of 
life as a result of coarctation of the aorta. 
Bahn, Edwards and DuShane‘ have observed 
three infants who died of left ventricular failure 
as a result of coarctation of the aorta with poorly 
developed collateral circulations. 

In the two cases recorded herein, left ventricu- 
lar failure occurred at an early age; in one case 
supraventricular tachycardia was also present. 
In the second case certain clinical observations 
made the diagnosis of coarctation of the aorta 
difficult and led to the erroneous diagnosis of 
congenital intracardiac disease. 

CASE REPORTS 


CasE 1. Coarctation of the aorta associated with 
supraventricular tachycardia. The patient was a 
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male infant born on June 5, 1950. Physical 
examination at birth failed to reveal any ab- 
normality. Nine days after birth dyspnea was 


Fic.. 1. Case 1. Supraventricular tachycardia. 
observed after feeding. On the next day dyspnea 
became more pronounced and supraventricular 
tachycardia was observed. (Fig. 1.) No record 
was made as to the condition of the femoral 
pulses. The physical examination now revealed 
an acutely ill infant. The apical rate of the heart 
was approximately 200 beats per minute, and 
the respiratory rate was approximately 100 per 
minute. Auscultation of the heart revealed a 
gallop rhythm. In spite of digitalization, oxygen 
and supportive treatment, death occurred on 
June 16, 1950, at the age of eleven days. 

At necropsy the pertinent findings were con- 
fined to the heart and great vessels. The heart 
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Fic. 2. Case n. Right heart strain. 


weighed 23 gm. The ventricular septum was 
intact. The aorta revealed coarctation for a 
distance of 3.0 mm., originating distal to the 
left. subclavian artery and proximal to the 
ductus arteriosus. At this point the lumen of the 
aorta measured 1.0 mm. in diameter, while on 
either side of the coarctation it measured 3.0 mm. 
in diameter. The ductus arteriosus, which arose 
from the left pulmonary artery, was widely 
patent and measured 3.0 mm. in diameter. 

CasE 11. Coarctation of the aorta with left 
ventricular failure: The patient was a white male 
infant born on June 4, 1951. He was first ex- 
amined by one of us (C. C. R.) on June 15, 
1951, because of shortness of breath. 

The infant was a full-term baby who after 
delivery had an uneventful week in the nursery. 
There was no history of cyanosis at birth. The 
mother noticed, however, that the baby was 
breathing heavily and the respirations were 
jerky when she and the baby arrived home on 
the seventh day postpartum. This shortness of 
breath became progressively worse. It was 
accompanied by several choking attacks which 
were associated with cyanosis. 

The physical examination revealed an acutely 
ill infant with marked respiratory distress. The 


breathing was rapid, shallow and labored. The © 


eyes, ears, nose and throat were normal. The 
pupils were equal and reacted to light. Exami- 
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Fic. 3. Case 1. Marked cardiac enlargement. 


nation of the heart revealed the pulse to be rapid 
at a rate of 120 beats per minute. The rhythm 
was regular. No murmurs were heard. The lungs 
revealed harsh breath sounds bilaterally. There 
were rales present over both lungs, particularly 
over the lower lobe on the right side. Exami- 
nation of the abdomen revealed no enlargement 
of the liver’ or spleen. The extremities were 
normal. There was no clubbing of the digits. 
The radial pulse could be palpated distinctly. 
The femoral pulsations were absent, as were the 
posterior tibial arterial pulsations. The systolic 
brachial blood pressure was recorded as 150 mm. 
of mercury. | 

The following laboratory work was done: The 
erythrocytes numbered 4,750,000 per cu. mm. 
of blood. The hemoglobin determination was 
14.5 gm. per 100 cc. of blood or 100 per cent. 
The mean corpuscular hemoglobin was 30 yg. 
Leukocytes numbered 18,600 per cu. mm. of 
blood, with 65 per cent polymorphonuclear 
leukocytes, 7 per cent non-segmented poly- 
morphonuclear leukocytes, 1 per cent meta- 
myelocytes and 27 per cent lymphocytes. 

Electrocardiographic examination (Fig. 2) 
revealed well marked right axis deviation. T-1 
was inverted and the T waves were isoelectric in 
T-2 and T-3 and in all of the V leads. Roent- 
genographic examination of the thorax revealed 
marked cardiac enlargement (Fig. 3), particu- 
larly to the left. There was passive congestion 
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of both lungs, most noticeable in the lower lobe 
of the right lung. 

In view of the elevated leukocyte count peni- 
cillin therapy was instituted. Digitalization was 
started, 44 gr. (about 0.016 gm.) of digitalis 
being given every four hours for three doses and 
then every six hours. On digitalization and 
administration of oxygen the child responded 
very satisfactorily and was dismissed from the 
hospital on June 21st, six days after admission. 

The child’s condition was satisfactory until 
July 13th at which time he was readmitted to 
Mound Park Hospital in a state of congestive 
cardiac failure. There had been a recent respira- 


tory infection. The results of physical examina- 


tion at this time were unchanged over the 
previous examination, except for evidence of 
bronchopneumonia in the right upper lobe. 
Death occurred in the'afternoon of admission. 

At necropsy the pertinent findings were con- 
tricular septum was intact. The foramen ovale 
was anatomically patent. The aorta revealed 
coarctation at a point distal to the left sub- 
clavian artery and proximal to the ductus 
arteriosus. The ductus arteriosus, which arose 
from the left pulmonary artery, was closing and 
admitted only a very fine probe. (Fig. 4.) The 
aortic valve was bicuspid. The heart weighed 
45 gm. (estimated normal, 20 gm.). The right 
ventricle measured 8 mm. in thickness and the 
left 9 mm. The diameter of the ascending aorta 
was 7.5 mm., of the aortic arch, 5.0 mm., of the 
aortic lumen at the coarctation, 1.0 mm. and of 


the descending thoracic aorta, 6.5 mm. 
COMMENT 


In the first case recorded herein the important 
clinical manifestations included supraventricular 
tachycardia and left ventricular failure. The 
diagnosis of coarctation of the aorta was not 
suspected clinically. In Case the possibility of 
coarctation of the aorta was suspected by one of 
us (C. C. R.) because of the absence of femoral 
pulsations and the presence of hypertension of 
the arms. However, in this case other clinical 
evidence suggested an intracardiac congenital 
anomaly. There was well marked right axis 
deviation. Marked cardiac enlargement was 
observed by roentgenographic examination. 
left ventricular en- 


silhouette was observed in the region of the right 
ventricle and left atrium. These findings sug- 
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Fic. 4. Case un. The thoracic aorta; the arch appears in 


the upper part of the photograph, the aorta 
in the lower. The probe extends from the lumen of the 


closing ductus arteriosus into the aortic lumen. Just 
proximal to the ductus is the aortic coarctation repre- 
sented by characteristic infolding of the superior wall 
of the aorta. 


gested the erroneous clinical diagnosis of mitral 
atresia. 

The association of left ventricular failure with 
evidence of right ventricular hypertrophy in 
infants should provide a clue to the clinical 
diagnosis in cases of coarctation of the aorta in 
early life. In the second case reported herein 
there was marked cardiac enlargement, includ- 
ing right ventricular dilatation, right axis 
deviation on the electrocardiogram and right 
ventricular hypertrophy at necropsy. Evidence 
of right ventricular enlargement is the result of 
the requirements of the right ventricle to func- 
tion as a systemic ventricle in the presence of 
coarctation proximal to the ductus arteriosus. 

The location of the area of coarctation in 
relation to the ductus arteriosus and its impor- 
tance as to collateral circulation have been 
previously emphasized by Bahn, Edwards and 
DuShane.‘ In our two cases the area of coarcta- 
tion was proximal to the ductus arteriosus. In 
accordance with those cases recorded by Bahn 
and associates, when coarctation of the aorta 
occurs proximal to the ductus arteriosus, ade- 
quate collateral circulation does not develop in 
fetal life. 
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The importance of examination of the femoral 
pulsation in the establishment of an early diag- 
nosis of coarctation of the aorta in infancy 
should be re-emphasized. In Case m the absence 
of femoral pulsations suggested the correct 
diagnosis. The roentgenographic examination 
of the thorax in cases of coarctation of the aorta 
in infants may be misleading since marked 
cardiac enlargement may suggest an intra- 
cardiac lesion rather than coarctation of the 
aorta. Disturbances of cardiac rhythm and 
conduction may be associated with the coarcta- 
tion of the aorta in infancy; this occurred in 
Case I. 

SUMMARY 

Two cases of coarctation of the aorta occur- 
ring in infancy are reported. Left ventricular 
failure and death occurred in both at an early 
age. Diagnosis of this anomaly depends on 
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recognition that it produces heart failure at an 
early age and that pulsations in the femoral 
artery may be absent. Confusion with con- 
genital intracardiac lesions may result if reliance 
is placed entirely on electrocardiographic and 
roentgenographic examination. 
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Inspiratory-Expiratory Vital Capacity 
Test of Pulmonary Function’ 
ALAN LESLIE, M.D. 


with the Technical Assistance of Mary E. Leach, r.N. 
Los Angeles, California 


the past two decades a number of rather 

_ elaborate and complex methods have been 
evolved for the testing of pulmonary func- 
tion.' These methods have supplemented rather 
than replaced the simple vital capacity determi- 
nation, which has, in general, come to be re- 
garded as a test of limited importance. It is the 
of this paper to present a simple, 
modified technic of vital capacity testing which 
can be performed without special laboratory 
equipment and gives considerable information 
about pulmonary function not available from 
the standard expiratory vital capacity procedure. 

Christie? in 1932 observed that the earliest 
sign of impaired pulmonary elasticity is a dis- 
crepancy between (1) the sum of the comple- 
mental and reserve air figures and (2) the vital 
Capacity, as determined in the usual manner, 
i.e., maximal expiration from the position of 
maximal inspiration. These two quantities are 
equivalent in normal subjects, but in patients 
with hypertrophic emphysema or other pulmo- 
nary conditions associated with impaired ex- 
piration the former figure is larger than the 
latter, since impaired pulmonary elasticity or 
temporary “air-trapping” behind constricted 
bronchioles interferes with lung emptying but 
does not impede filling. 

Cournand, Richards and Darling,’ in pre- 
senting a method of recording respiratory pat- 
terns graphically, recommended the separate 
recording of the expiratory vital capacity, 
maximal reserve air and complemental air. 
They, too, noted that in normal persons the 
vital capacity figure was equal to the arithmetic 
sum of the maximal reserve air and the comple- 
mental air whereas in emphysematous subjects 
the vital capacity appeared less than this sum. 
This was the result of the patients’ inability to 
blow out their maximal reserve air from a start 


at full inspiration, being better able to do so 
from a start at quiet expiration. 

Goggio‘ advocated kymographic vital capacity 
records since emphysematous individuals, al- 
though occasionally able to expel a normal 
amount of air, may require an abnormally long 
time to do this. These patients will produce a 
curve of slow emptying in contrast to the normal 
sharp descent, which is symmetrical with the 
sharp inspiratory rise. 

TECHNIC 


The subject is connected to a recording ven- 
tilometer f of 9 L. capacity approximately half 
filled with oxygen. After a period of quiet 
respiration the subject exhales maximally (to 
point E, Fig. 1), then inhales maximally (to 
point I, Fig. 1), and immediately exhales 
maximally (to point E’, Fig. 1). He then breathes 
normally and, at the option of the observer, may 
perform any other ventilometric maneuvers 
desired. EI represents the inspiratory vital 
capacity and IE’ the expiratory vital capacity. 


RESULTS 


In all of twenty-five normal adult subjects 
IE’ was virtually a mirror image of EI, indicat- 
ing that expiration was no mere labored than 
inspiration. (Fig. 1A.) In five of these subjects 
EI and IE’ were exactly equal. In nine subjects 
EI was greater than IE’ in amounts ranging 
from 10 to 40 cc., or from 0.4 to 1.6 per cent 
of the vital capacity. This range of variation 
was not considered significant. In eleven subjects 
IE’ exceeded EI in amounts ing from 10 to 
160 cc., or from 0.4 to 4.4 per cent of the vital 
capacity, indicating that in these individuals 
the ability to exhale was actually greater after 

t Many basal metabolism testers are adaptable to the 
performance of this test. 


* From the Medical Service, Wadsworth Hospital, Veterans Administration Center, Los Angeles, Calif. 
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Fic. 1. Inspiration-expiration vital capacity records. Drum rotation is counterclock- 
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wise, so tracings read from right to left. Horizontal lines indicate 40 cc. volume in- 
tervals. E, maximum expiration from start at normal inspiration. I, maximum in- 
spiration. E’, maximum expiration from start at maximum inspiration. Group A, 
three normal subjects; Group B four patients with pulmonary emphysema. 
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TABLE 1 
NORMAL SUBJECTS 
E — E’ Vital E —E’ 
Subject Difference Capacity 100* 
(ec.) (cc.) 
1 0 3,560 0 
2 —100 3,520 —2.8 
3 20 4,320 0.5 
4 —80 3,200 —2.5 
5 20 2,660 0.8 
6 —100 2,940 —3.4 
7 10 2,420 0.4 
8 40 3,740 1.1 
9 —120 2,720 —4.4 
10 —40 3,500 —1.1 
11 20 4,600 0.4 
12 0 4,640 0 
13 0 2,840 0 
14 —10 2,580 —0.4 
15 30 3,580 0.8 
16 —60 5,160 —1.2 
17 —40 4,600 —0.9 
18 — 160 5,080 —3.1 
19 0 2,600 0 
20 40 2,480 1.6 
21 20 2,920 0.7 
22 40 2,900 1.4 
23 —100 3,500 —2.6 
. 24 0 3,760 0 
25 —60 2,760 —2.2 
___Average: —25.2 3,463 —0.7 


E — E’ 
“ VG X 100 represents the ratio of the E — E’ 


difference to the vital capacity, expressed in per cent. 

the higher “take-off” at maximal inspiration 
than it was after taking off from normal inspira- 
tion. (Table 1.) When the figures for the entire 


group were averaged, the E-E’ differences were 
represented as a negative quantity when IE’ 
was greater than EI. The average E-E’ differ- 
ence was then —25.2 cc. or —0.7 per cent of 
the vital capacity. In calculating the percentages 
if EI and IE’ were not equal, the larger figure 
was used as the vital capacity. The normal group 
included ten younger individuals chosen at 
random from the hospital staff. The others in 
the group were individuals with physical disa- 
bilities other than or cardiac and 
in the age distribution of the patients with 
emphysema. 

In thirty-four adult patients with varying 
degrees of pulmonary emphysema EI was 
generally normal in slope, although usually less 
than normal in magnitude, but IE’ was not its 
mirror image. As expected, the impaired ex- 
piration characteristic of the disease resulted in 
an IE’ curve of slow emptying. (Fig. 1B.) In all 
patients IE’ was smaller than EI in amounts 
ranging from 40 to 840 cc., or from 2.7 to 
41.7 per cent of the vital capacity, averaging 
297 cc. or 16.7 per cent. (Table 1.) In calculat- 
ing these percentages EI, the larger figure, was 
used as the vital capacity figure. There was 
excellent correlation of the numerical results 
and the observed clinical disability. The diag- 
nosis of pulmonary emphysema in these patients 
was accepted after clinical evaluation by three 
trained internists who considered, among other 
things, the history, physical findings, x-rays for 
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lung appearance and mevement, 
exercise tolerance, and other possible causes of 
dyspnea or decreased breath-holding ability. 
Fifteen individuals in the same age group 
with resting or exertional dyspnea due to heart 
disease in minimal to moderate decompensation 


TaBLe 
PATIENTS WITH PULMONARY EMPHYSEMA 
E E’ Vital E E’ 
Subject | Difference | Capacity |——— x 100 
(cc.) (ce.) ve 

| 520 1,720 30.2 
2 220 2,500 8.8 
3 400 2,560 15.6 
4 840 2,200 38.2 
5 120 2,180 5.5 
6 300 2.080 14.4 

7 340 1,760 19.3 | 
8 180 1,920 9.4 
9 200 2,360 8.5 
10 380 2,880 13.2 
11 140 1,760 8.0 
12 520 2,520 20 .6 
13 100 1,900 5.3 
14 180 2,380 7.6 
15 220 2,620 8.4 
16 200 2,080 9.6 
17 280 2,880 9.7 
18 260 1,440 18.1 
19 300 2,080 14.4 
20 260 1,500 17.3 
21 600 1,440 41.7 
22 100 3,060 3.3 
23 480 2,140 22.9 
24 240 1,720 13.9 
25 380 16.9 
26 360 1,520 23.7 
27 120 2,440 4.9 
28 100 2,120 4.7 
29 360 2,180 16.5 
30 220 2,140 10.3 
31 200 2,680 7.5 
32 700 1,880 37.2 
33 240 3,640 6.6 
34 40 1,500 2.7 
Average: 297 2,176 16.7 


were also tested. (Table m.) Thirteen of these 
showed figures comparable to those of the 
normal subjects. Patient No. 14 showed a 


borderline 75 X 100 of 2.8. The figure for 


patient No. 15 was 3.8. This was an extremely 
obese sixty-five year old man, whose dyspnea 
was probably as much a result of his obesity as 
of his arteriosclerotic heart disease. The ab- 
dominal obesity possibly interfered with normal 


leading to the slightly 
elevated VG X 100. No other explanation 
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was apparent. In order to learn whether or not 
obesity in itself can be a determining factor, 
four other abdominally obese individuals but 


E — E’ 
studied. These subjects showed VG xX 100 
TABLE m1 
PATIENTS WITH HEART DISEASE 
E E’ Vital E E’ 
Subject | Difference i x 100 
(cc.) (cc.) ve 
1 — 240 2,920 —8.2 
2 0 2,480 0 
3 0 2,200 0 
4 0 3,120 0 
5 60 2,200 4:7 
6 —120 2,500 —4.8 
7 40 2,500 1.6 
8 — 200 2,200 —9.1 
9 0 3,000 0 
10 —140 2,880 —4.9 
12 0 2,800 0 
13 -160 3,460 —4.6 
14 60 2,120 2.8 
15 100 2,620 3.8 
Average: —44 2,648 —1.5 


values of 3.9, 7.0, 7.1 and 11.0, respectively, so 
it seems reasonable to infer that the figure of 
3.8 per cent in cardiac patient No. 15 derived 
from his obesity rather than from his cardiac 
disease. The slope of IE’ in all of these cases, in- 
es cardiac patient No. 15, was entirely 


(complemental) air. In performing this part of 
the test the subject has conveniently filled his 
lungs and is therefore in position to record his 


two lines (EI, IE’) is convenient and informa- 
tive. If IE’ demonstrates nearly vertical descent 
and is equal to or greater than EI, obviously 
there is no interference with expiration. In the 
normal group studied eight individuals showed 
IE’ to be smaller than EI, with normal contour. 
The greatest E-E’ difference was 40 cc. which 
was 1.6 per cent of the vital capacity. In the 
emphysema group the smallest E-E’ difference 
was also 40 cc. but this proved to be 2.7 per cent 


ing. (Fig. 1B, first tracing.) 


COMMENTS 
The inspiratory vital capacity is a direct 
record of the sum of the expiratory reserve 
(supplemental) air and the inspiratory reserve 
: showed an abnormal IE’ curve of slow empty- 
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‘In studies of this nature borderline cases are 
to be found in both normal and abnormal 
groups. It may be of significance, however, to 
point out that in the present study there was 

E — E’ X 100. | 

no overlap of VG in the two groups. 
The demarcation would appear to fall at about 
2 per cent. Borderline cases can be further and 
probably conclusively evaluated if the contour 
of IE’ is observed, a sharp descent indicating 
normal expiration, a curve of slow descent 
indicating impaired expiration. An IE’ of sharp 
descent with an appreciable E — E’ difference 
has not been encountered. Neither has there 
been encountered an IE’ of slow descent of 
greater magnitude than EI. If these situations 
should occur, they would have to be individually 
evaluated. Since patients with impaired pulmo- 
nary function are seldom obese, the question of 
discounting elevated values for ‘Ge xX 100 
because of obesity should rarely arise. If, how- 
ever, just such a case should be encountered, it 
would also require individual evaluation. 

This simple method of dual vital capacity 
determination may be extended to be more in- 
formative. In the group of patients under con- 
sideration there may be considerable variation 
of functional state as a result of weather, psychic 
factors, infection, etc., with their well known 
effects on the bronchial musculature. This 
variability may be quantitated by comparing 
tests made at different times. Asthmatics and 
other patients with significant bronchospasm 
show the greatest variability in LE xX 100. 
Patients with impaired pulmonary function re- 
sulting principally from fibrosis show the least 
variability. Results of therapy can be demon- 
strated by comparison of before-and-after tests. 
Similarly, the. method is also applicable to the 
objective clinical evaluation of bronchodilator 
drugs. Studies of this nature are in progress and 
will be reported later. Since the study of the 
cardiac group showed that patients with cardio- 
genic dyspnea have normal values, the test may 
be an aid in differentiating cardiac and respira- 
tory dyspnea, or in quantitating the relative 
importance of cardiac and respiratory factors in 

Since this test can be. performed without 
undue exertion by the patient, it may offer a 
more accurate clinical index of pulmonary 
dysfunction in severely ill patients than the 
maximum breathing capacity. Performance of 


this latter test requires a great deal of patient 
effort and cooperation, perhaps more than the 
severely decompensated subject. can or will 
exert. It is suggested that such patients make 
excessively poor showings, giving an. exagger- 
ated representation of disability. With therapy 
such patients will be much better. able to partici- 
pate in such a test, as well as more cooperative 
with the physician-benefactor conducting the 
test. When such tests are compared, the indicated 
improvement may then be disproportionately 
greater than the actual clinical improvement. 
It has been observed that patients too breathless 
to perform the maximum breathing capacity 
test can still produce a satisfactory inspiratory- 
expiratory vital capacity record. Although, in 
contrast to the maximum breathing capacity, 
the dual vital capacity record does not provide 
an over-all clinical index of pulmonary function, 
it does demonstrate directly and quantitatively 
the patient’s inability at any given moment to 
empty his lungs, a principal consideration in 
lung disease characterized by loss of elasticity 
or bronchiolar narrowing. When serial tests are 


compared good clinical correlation is observed.* 


As indicated above, the test is not exhausting 
so repeated observations may be made at short 
intervals, as in the evaluation of bronchodilator 
agents. 
SUMMARY 

1. A modified technic of vital capacity testing 
is described. This test can be performed without 
undue exertion by severely ill patients. It pro- 
vides information about pulmonary function 
not available from the conventional expiratory 
vital capacity procedure, and closely reflects the 
clinical condition of patients with impairment 
of expiration. It is a simple test for clinical use 
and not an elaborate laboratory procedure. 

2. The results of tests on thirty-four patients 
with pulmonary emphysema, twenty-five nor- 
mal subjects, fifteen patients with heart disease 
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and four obese individuals are presented. 
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to sell twice as many or more books per year. 


I like Modern Drugs because it gives honest pharma- 
cological information; because it frequently gives 
contra-indications and dangers; because it describes 
members of a similar group in similar or identical 
terms. I would find it hard to practice without it. 

Green Bay, Wis. 


I have Modern and use the 

journal as supplement, thus at my finger tips I have 
on new 

York, Pa. 


I don’t see how a physician can know what other 
physicians prescribe for patients without this. It is 
an almost indispensable (not quite) adjunct to my 


practice. 
Washington, D.C. 
I find the bound book (present 5th Edition) most 
valuable. 
White Plains, N.Y. 


One of my most valuable books and used more often 
than any other that I have. 


**includes three-year supplementary service at $3 per year. 


Lincolnton, N.C. 
Drugs 

© Allergens | DRU®@ PUBLICATIONS, INC. 
| 49 West 45th Street, New York 36, New York 

e@ General index | 
Enclosed is the sum of fifteen dollars ($15**U.S.A.) for which please send | 
e@ Therapeutic index | me postpaid the new Fifth Edition of THE MODERN DRUG ENCYCLOPEDIA 

Index | AND THERAPEUTIC INDEX and MODERN DRUGS. (New York City resi- 

@ Manufacturer's dents please add 3% for sales tax.) 
@ Self Pronouncing Drug Listings | cores | 
Generic Name index city 


* AUDIENCE ANALYSTS, Phila., Pa. 
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Same hard candy form as Pondets 
Easy to take—pleasant tasting 


Sul-Pondets 


Sulfa plus antibiotics 
Affording the combined therapeutic advantages of: 


2 potent antibiotics 
¥ Penicillin (20,000 units) 
¥% Bacitracin (50 units) 


efficient penicillin—potentiating sulfonamide 


¥ Sulfadiazine (2 grains) | 9 


highly active topical anesthetic 


¥%& Benzocaine (3 mg.) 


Supplied: Jars of 36 troches 


Sul-Pondets’ 


PENICILLIN — BACITRACIN — SULFADIAZINE 
Troches with Benzocaine 


— 


combined 


estrogen-androgen therapy 
for chronic hormone 
deficiency states ee 


Sal 


with Methyltestosterone 


(oral estregen-andregen, Parke-Davis) 


In such chronic hormone deficiency states 

as the female or male climacteric, estrogen-androgen 
combination enhances the desired therapeutic 
response while neutralizing unwanted side actions. 


Especially effective in the metabolic and constitutional 
spheres, MENAGEN WITH METHYLTESTOSTERONE 


provides specific advantages 
for the relief of menopausal symptoms: 
@ additive action for better symptomatic relief 
@ optimum sense of well-being 
@ greater effect in neurotic patients than estrogen alone 
@ minimizes both estrogenic and androgenic side effects 
@ contains naturally derived estrogen; therefore, well tolerated 
@ orally effective and economical 


Packaging: MENAGEN WITH METHYLTESTOS- 
TERONE: in bottles of 100 capsules. Each capsule 
contains MENAGEN equivalent to the estrogenic 


activity of 10,000 I. U. ketohydroxyestratriene, and 
10 mg. methyltestosterone. 
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A drug of choice in tuberculosis r 


As therapeutically active as streptomycin, CRYSTALLINE DIHYDROSTREPTOMYCIN 

SULFATE MERCK is less toxic to the vestibular apparatus, minimizes pain and e 
swelling on injection, and may be used even in some patients allergic to 

streptomycin. 

This preferred product is available in dry powder form and in convenient 

ready-to-inject form as SOLUTION OF CRYSTALLINE DIHYDROSTREPTOMYCIN 

SULFATE MERCK. 

PARA-AMINOSALICYLIC ACID MERCK (PAS), when used in combination with 

CRYSTALLINE DIHYDROSTREPTOMYCIN SULFATE MERCK, prolongs the effective 

period of antibiotic therapy by inhibiting or delaying the development of 


Crystalline Dihydrostreptomycin 
Sulfate Merck 


MERCK & CO., INc. 


Maxyfacturing Chemists 
for the Natwn’s Health 


RAHWAY, NEW JERSEY 
tn Conadea: MERCK CO. Limited—Mentreal 


Journal of the American Medical Assn—May 10, 1952 
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in functional G 
B® distress 


though findings are negative, patients remain positive of their many symp- 
toms — belching, flatulence, nausea, indigestion and constipation. 


prompt and effective relief 


can be given most of these patients by prescribing Decholin /Belladonna for 
alleviating spasm and stimulating liver function. 


DECHOLIN with BELLADONNA 


reliable spasmolysis 


The belladonna component of Decholin/Belladonna effectively relieves 
pain due to spasm and incoordinate peristalsis, and facilitates biliary and 
pancreatic drainage through relaxation of the sphincter of Oddi. 


improved liver function 


Dehydrocholic acid (Decholin), the most powerful hydrocholeretic known, 
increases bile flow, flushes the biliary tract with thin fluid bile and provides 
mild laxation without catharsis. 


| DOSAGE 
a One or, if necessary, two Decholin/ Belladonna Tab- 
x lets three times daily. 
| COMPOSITION 
Each tablet of Decholin / Belladonna contains Decholin 
(brand of dehydrocholic acid) 3% gr., and ext.. of 


belladonna, '/¢ gr. (equivalent to tincture of bella- 
donna, 7 minims). Bottles of 100. 


AMES comPANY, INC - ELKHART, INDIANA 
Ames Company of Canada, Ltd., Toronto 
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only one application of 


EURA X blocks the 


“itch-scratch reflex” 


for 6 to 8 hours 
The prompt, prolonged and effective 


action of the new antipruritic, Eurax, 
has been authoritatively reported in lead- 
ing dermatologic journals.'-* 

Eurax affords “complete relief” in two 
out of every three cases and “consider- 
able relief” in the majority of the remain- 
der.' Not an antihistaminic, not a -caine 
derivative . . . Eurax is virtually nonsen- 
sitizing and nontoxic,’~* and, importantly. 

})) does not lose its effectiveness after con- 
tinued use.” 


In addition to its nonspecific anti- 
pruritic properties, EURAX is a potent | 
scabicide.*-'! Only 1-2 applications pro- 
duce cure rates ranging up to 100 per 
cent with the added advantage that the 
bacteriostatic properties of Eurax effec- 
tively control secondary coccal infections. 
EURAX... the new long-lasting antipruritic 


Eurax (brand of crotamiton) contains N-ethyl-o-crotonotoluide* 
in a 10 per cent concentration in a vanishing cream base. 


Tubes of 20 Gm. and 60 Gm. and jars of 1 Ib. 
bibliography : 


(1) Couperus, M.: J. Invest. Dermat. 13:35, 1949. (2) Peck, S. M., and 
ichelfelder, T. J.: New _ State J. Med. 50:1 1950. 


Pat. $2,505,681 E-43 
| Y cxicy PHARMACEUTICALS Division of Geigy Company, Inc. 
220 Church Street, New York 13, New York 
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90-Second Asthma 


Relay Action in One Tablet... 


You can now prescribe immediate-acting, sublingual aludrine (n-iso- 
propylarterenol HCI) and theclassic theophylline-ephedrine-phenobarbital 
anti-asthmatic triad in a single tablet. The asthma patient simply places a 
Nephenalin tablet under the tongue until the purple sugar coating is 
dissolved, then swallows the nucleus. 

Aludrine (n-isopropylarterenol HCI) in the coating, absorbed sublin- 
gually, exerts pronounced bronchodilator action within 90 seconds. The 
nuclear combination of theophylline, ephedrine and phenobarbital is 
absorbed enterically to relay and extend the initial asthma relief for at 
least four hours. The average asthma patient may thus abort or suppress 
symptoms for a whole day with as few as three Nephenalin tablets! 


Nephenalin 


Anti-asthmatic Tablets 


Leoming $ 6c: Inc. 155 East 44th St., New York 17, N.Y. 


Gentlemen: Please send me samples of Nephenalin, your new 
relay-action anti-asthmatic tablet. 


al 
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Piromen. 


(DISPERSION OF DESACCHROMIN) 


for effective 
control of a 


wide variety of 


ALLERGIES 


and 


DERMATOSES 


Every day more physicians are discovering the early clinical benefits 
effected by the administration of Piromen, employed either as a specific, 
or concomitantly with other drugs. 


P/TOMEOM is a biologically-active bacterial polysaccharide which produces 
a marked leucocytosis and a stimulation of the reticulo-endothelial system. 
It is nonprotein, nonantigenic, and may be employed safely 
within a wide range of dosage. 


P/ramen is prepared in stable colloidal dispersion for parenteral use. 
It is supplied in 10 cc. vials containing either 4 gamma (micrograms) per cc., 
or 10 gamma per cc. 


For a comprehensive booklet detailing the use of this new therapeutic agent, 
merely write “Piremen” on your Rx and mail to— 


*TRADE MARK 


Manufactured by 


TRAVENOL LABORATORIES, INC. 


Subsidiary of BAXTER LABORATORIES, INC., MORTON GROVE, ILLINOIS 


typical le ; 
a typical leucocytic response lo Piromen 
be 


